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EDITOR'S  PREFACE. 


I  HAVE  compared  the  translation  with  the  original 
text,  and  I  believe  that  the  translation  satisfactorily 
answers  its  purpose.  All  notes  or  additions  made  by 
me  are  enclosed  in  brackets  [  ].  It  is  a  pleasure  to 
recommend  this  book  to  the  English-s|)eaking  student 
of  Pathology,  because  I  feel  sure  that  it  will  prove  even 
more  useful  than  the  two  volumes  on  Special  Patho- 
logic Histology. 

LUDVIG  HEKTOEN. 
October  1, 1904. 
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AUTHOR'S  PREFACE. 


The  sayiug  that  without  a  thorough  knowledge  of  his-  1 
tologic  processes  it  is  imposiuble  tu  peuctrutc  the  mysteries  I 
of  pathologic  alteratious  applies  with  special  furct-  to  gen- 
eral (mtholi^.  ll  is  only  by  a  painstaking  Btiidy  of  the 
minute  changes  in  the  elementary  building-atoiiea  of  the 
organism  that  the  ability  to  associate  dctinite  conceptions 
with  the  teclmiml  terms  of  general  pathol<^y  is  aequireil. 

In  this  very  matter  of  tenninology  a  regrclable  laxity 
U  but  too  fn-quently  observed.  Such  words  as  "inflam- 
mation," "  d^nerution,"  "  necrosis,"  and  the  like  are 
constantly  employed  without  any  direct  mental  association 
with  the  micn»8copio  changes  observed  in  the  eelhilarcon- 
fitituents  of  the  body  and  when  these  changes  do  not  in 
the  least  justify  the  use  of  the  respective  term. 

It  is  true  that  the  interpretation  of  pathologic  processes 
has  undergone  verj'  great  changes  in  the  course  of  lime 
since  Virchow's  monumental  creation  of  cellular  |iath- 
ology,  and  at  the  present  day  there  still  existe  a  wide 
divergence  of  opinion  even  in  regard  to  fundamenttd 
matters;  bnt  thanks  to  tlie  untiring  efforts  of  investiga- 
tors during  the  past  decades,  esp«?cially  along  experi- 
mental lines,  our  conceptions  have  gained  very  much  in 
scope  and  definiteness.  The  plan  of  this  "  Atlas  (and 
Epitome")  obviously  forbids  an  exhaustive,  critical 
wn^otiua  of  Uivergiug  views,  althuugh  for  many  reasona 


AVTHon'S  PREFACE. 


wt'  cannot  lielp  acknowledging  tliat  tliey  are  (|uiU'  jiiel 
fiablc.     I  have,  tliereliire,  in  most  cases  cDutenttd  invseH 
with  giving  the  generally  ac'cei>te<l  views  in  regard  to  the 
significance  of  pithnlogic  processes,  and  have  only  cur- 
sorily referred  to  mere   theories,  whether  old   or   newj, 
believing  that  it  is  more  to  the  learner's  advantage  to 
supplied  with  as  true  and  objective  a  representation 
possible  of  pitliologic  processes  in  general,  than  to  have 
a  number  of  different  and  conflicting  theories  exponndeil. 

It  is  evident  from  the  nature  of  the  subject  that  the 
volume  on  general  pathologic  histology  is  the  proper 
place  for  the  full  discussion  of  morbid  growths;  for  any 
attempt  to  give  a  description  of  even  the  piincipid  forms 
of  neoplasms  occurring  in  individual  organs  in  the  special 
[xmion  of  this  work  would  have  ue<:essitaled  countlet^s 
rejietitions.  I  merely  wish  to  emphasize  this  point  once 
more  because  of  the  criticism  from  various  tpmrters  that 
the  subject  of  tumors  is  t'Mi  briefly  treated  in  the  special 
portion. 

An  effort  has  been  made  to  render  the  present  general 
jHirtion  practically  independent  of  itK  companion  volume, 
in  order  to  enlarge  as  much  as  possilile  its  individual 
value  to  the  student  of  pathologic  histology.  I 

In  this,  as  in  the  two  preceding  volumes,  all  the  illu^ 
trations  have  I)een  made  fnim  original  specimens,  without 
combining  different  microscopic  fields.  An  eJcpcrieuced 
eye  will  not  fail  to  detect  in  most  of  the  plates  and  in 
the  illustrations  reproduced  by  photo-chemical  metliods  a 
certain  advance  in  technic  and  a  striving  after  perii?ction. 
To  the  artist,  Mr.  K.  Dirr,  who  executed  most  of  the 
original  illustrations  in  this  edition  (with  the  esception  of 
thirty  plates  from  the  pencil  of  Mr.  Krapf,  the  (official) 
artist  of  the  University,  I  am  greatly  iudebteil  for  the 
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AUTHOR'S  PREFACE.  3 

extraordinary  care  and  fidelity  with  which  he  has  accom- 
plished his  task.  The  art  lithographer,  Mr.  C,  Reichhold, 
of  Munich,  has  accomplished  the  difficult  feat  of  repro- 
ducing the  very  complicated  and  delicate  original  paint- 
ings by  the  rapid  process  of  lithographic  printing  with 
as  many  as  twenty-six  colors,  in  a  way  that  closely 
approaches  the  effect  of  tlic  original  water  colors,  and, 
I  believe,  has  never  Ijeen  surpassed  by  this  method  of 
reproduction.     My  warmest  thanks  are  due  to  this  firm. 

But  more  than  to  any  one  else  I  am  indebte<l  to  Mr.  J. 
F,  Lehmann,  the  publisher,  for  the  many  sacrifices  he 
has  made  to  insure  for  the  present  volume  the  best  pos- 
sible eijuipment  in  the  matter  of  illustnitioos. 

In  bringing  the  "  Atlas  and  Epitome  of  General  Path-    | 
ologic  Hisfology"  before  the  public  I  venture  to  hope 
that  the  book  will  prove  itself  a  useful  guide  to  the  study 
of  pHthologic  histolt^,  and  perhaps  sug^st  new  subjecta 
for  investigation  in  the  same  field. 
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GENERAL 
PATHOLOGIC  HISTOLOGY. 


I.  CIRCULATORY  DISTURBANCES. 
HEMORRHAQE. 

There  are  two  ways  in  wiiicli  the  cellular  elements  of 
thi'  UIikhI  may  esraipe  from  the  vascular  system,  either  by 
Bdlution  of  continuity  or  by  passage  of  the  bloud-eella 
tlirough  the  iat&ct  walls  of  smaller  vessels.  In  the 
former  case  there  is  a  laceration  of  the  vessels,  ami  the 
exproseiun  hemonhagt  per  rhaein  is  employed  ;  or,  if  the 
injury  to  the  vessel  is  worked  by  some  cau^ie  substance, 
tttlacking  the  wall  from  without,  or  by  inflammatory  proc- 

«»,  the  term  katwiTknge  per  diabronn  is  also  eniployetl. 

The  blood-corpuscles  may,  however,  pass  throneh  an 
apparently  Intact   vascular  wall   in   the  absence  of  any 

EroHs  injury,  and  the  hemorrhage  resulting  in  this  way  is 
nuwn  as  a  hemorrhage  by  dinpeilems.  Such  a  hemor- 
rhage, it  is  true,  never  oecure  under  normal  conditions ; 
it  requires  for  its  production,  first,  a  heightening  of  the 
blood-prcssnre,  and,  second,  an  increase  in  the  permea- 
bility of  the  wall.  IHapedesis  is  in  general  observed 
only  in  thin-walled  vessels — in  capillaries,  small  veins, 
and  possibly  very  small  arteries.  The  permeability  of 
the  vessel-wall  and  consequent  occurrence  of  diapedesiB 
Way  be  favored  by  a  variety  of  factors.  These  factors 
way  be  mechanical,  thermic,  .or  chemic  in  nature;  it  is 
well  known  that  a  certain  group  of  poisons  have  an 
espedally  injurious  effect  uimn  vascular  walls,  which  is 
ibllowed  by  the  escape  of  the  elemuaUs  uf  ike  blood.     Tliu  m 
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uiust  important  of  theBC  poiaons  is  phosphorus ;  biri 
mercury,  platinum,  and  antimony  are  also  capable  of  in- 
juring the  walls  of  blood-vessels  in  this  way.  The  toxioi 
metallic  products  of  many  micro-organisnia  have  a 
similar  injurious  effect  on  vessf  Is.  Hemorrhage  by  dla- 
pedesis  may  be  induced  experimentally  and  its  vartouft] 
stages  may  be  observed  directly  under  the  microscope, 
the  best  tissue  for  this  purpose  being  the  mesentery  of  a 
fr(^,  as  Cohnheim  fii-st  allowed  in  his  studies  of  this  proo*! 
ess.  If  the  vein  is  ligatetl  or  the  i-etum  flow  of  thi 
blood  obstructed  by  distorting  or  bruising  the  vessel,  thi 
movement  of  the  blood-column  in  the  venous  and  capillary 
vessels  is  seen  to  be  retardeil  (Fig.  I.).  The  vessels  w- 
come  distended,  the  so-called  mat^inal  n»ne  of  plasma, 
which  is  ordinarily  present,  disappears,  ami  its  position  is 
occupied  by  a  closely  jmcked  mass  of  red  coqinscles.  If 
the  oltstruction  to  the  return  flow  continues,  then  tlie 
movement  of  the  blood  is  arrested  gradually,  stasis 
the  red  bhKjd-cells  become  closely  aggr^ated,  and  may  be 
pressed  against  one  another  an  densely  that  their  outlines 
a]nv>st  or  quite  disappear.  Following  this,  individual 
red  blood-corpuscles  are  gratlually  seen  to  make  their  way 
through  the  wall  of  the  vessel.  At  certain  places  on  the' 
outside  of  a  capillary  a  small  nodular  swelling  appears 
and  gradually  becomes  larger ;  this  corresponds  to  part  of 
a  red  hlood-cell.  At  a  certain  stage  of  the  phenomenon 
half  the  blood-eell  is  seen  on  the  inner  side  and  the  othe^l 
half  on  the  outer  side  of  the  wail,  which  constricts  the] 
ra^U  in  the  middle;  gradually  the  inner  half  also 
through  the  wall,  and  the  extravasated  corjiusele,  by 
virtue  of  its  elasticity,  at  once  regains  its  original  shape. 
It  was  formerly  believed  (Arnold)  that  the  &)rpusclefl 
escaped  througli  special  preformetl  openings — so-called 
stigmata  or  stomata;  lint  these  supposed  openings  wer&j 
later  found  to  be  nothing  more  or  less  than  local  accumi 
lations  of  cement  substance  between  the  cells ;  increase  : 
blood-pressure  and  injuries  to  the  wall  cause  gaping  at 
these  points  and  permit  the  corpuscles  t^)  escape.  In  the 
case  of  the  red  blood-cells,  howevoj*,  the  escape  from  the 
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vcsfiel  is  never  an  active  pitiress,  since  they  are  entirely  I 
(ievoitl  of  tile  atiielwid  movement  characteristic  of  the  1 
lenkocj-tes ;  they  therefore  remain  quite  passive  and  are  I 
simply  forced  through  the  wall.  | 

Hemorriuige  by  dinpedesis  under  certain  conditions  I 
may  afl'ect  a  cwnsiderable  iwrtinu  of  the  blood-vessel,  the  I 
extravasated  bhwxl  surrounding  the  vessel  like  a  niaatle. 
When  the  diapedeaia  is  protracted,  the  acuumulation  of 
bluoil  may  be  cons iile ruble ;  indeed,  fatal  extravasations 
may  result,  as  in  liemorrliage  by  diapedeeia  in  the  gaatru- 
intestinal  canal  in  cirrlioais  of  tlje  liver.       •  J 

Whatever  the  mode  of  eeeai»e,  when  the  blood  has 
entered  the  perivascular  tissue  it  fills  all  the  surrounding 
8[>accs  and  cavities — i,  e.,  hemorrhagic  Infilfraiton  of  the 
tissue  results.  If  the  hemorrhage  continues,  the  tissue 
bccoiue*  densely  packed  with  the  blood-eorpnscles  and 
the  resulting  pressure  leads  to  local  death  of  tissue,  or 
ueerosifi;  in  this  way  is  produced  liemorrliagic  infarction, 
which  will  be  referred  to  again  later  on.  Delicate  tissues 
may  be  destroyed  at  once  by  the  pressure  of  the  escaping  . 
blu<Kl,  the  elements  being  completely  disintegmted,  which, 
for  instance,  is  the  rule  in  the  brain. 

What  is  the  fate  of  the  blood  after  its  escape  from  the 
vessel?  Of  couree,  it  cannot  remain  unaltered  in  the 
more  or  less  damaged  tissue,  but  undergoes  a  aeries  of 
changes,  both  morijhologic  and  ehemic,  which  ultimately 
lead  to  its  absorption.  There  is  no  doubt  that  part  of  the 
extravasatcd  blood  is  at  once  taken  up  by  the  surround- 
ing lymph- vessels,  especially  the  perivascular  lymphatic 
sheatns.  Accordingly,  it  is  common  after  hemorrhage  to  , 
find  a  deposition  nf  red  bloxl-eells  in  the  nearest  lymph-  ^ 
prLtnds,  where  these  cells  then  undergo  further  disintegra- 
tion. If  the  mass  of  blood  is  very  great  and  has  entere<l 
a  prefonui-fl  «ivity,  or  a  cavity  fnrme<l  by  destruction  or 
displacement  of  tissue,  etwigulnlinn  lakes  place  in  the 
extravasaled  blood,  just  as  in  the  »tagnating  blond  after 
death.  Fibrin  is  formed,  and  the  blood-celts  are  lumped 
to  form  coherent  masses — the  s<i-called  cruor  coa^la 
[currant-jelly  clots. — Ed.].     Tlie  i>rocess  of  oKigulatioD 
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PLATE  I. 

Fig.  1.— Multiple  Capillary  Hemoniiasea  in  the  Cerebmm 

(Hcnmt.-<H>8in.  x  270. ) :  1,  Cerebral  substance ;  2,  engorged  capil- 
laries; 3,  small  artery  with  hemorrhagic  infiltration  of  its  walls; 
4,  hemorrhage  by  diapedebis  in  the  tissues  around  a  small  artery ;  6, 
smaller  hemorrhagic  foci  without  any  connection  with  any  blood- 
vessel visible  in  the  section. 

Fin.  2.— Hemorrhagic  Destruction  of  the  Tissue  of  a  Lym- 
phatic QIand  in  a  Hemorrhagic  Bubo  from  a  Case  of  Plague 

(llcmat.-eotiin.  x  67.)  :  1,  Intact  gland  ti^ue  infiltrated  with  many 
red  blijod-cells;  2,  blood-vessels  showing  great  engorgement;  8,  com- 
pletely disintegrated  and  necrotic  gland  tissue,  almost  completely  dis- 
placed by  red  blood-cells. 

FIGURE  I. 

Hemorrhage  by  Diapedesis  from  a  Small  Vein  In  the  Dis- 
tended Mesentery  of  the  Frog  (x  200.):  1,  Vein  filled  with 
closely  packed  bl<H>d-rells ;  2,  red  blood-cells  in  the  act  of  passing 
through  the  wall ;  3,  riKi  blood-cells  tliut  have  extravasated  and  col- 
lected in  the  surrounding  connective  tissue ;  4,  red  blot>d-ct'lls  in  a 
state  of  l>eginning  di8integruti(»n ;  5,  blood-platelets ;  6,  leukocytes ; 
7,  chromatt>phores. 

FIGURE  II.     (Text  p.  52.) 

Atrophy  of  Subepicardial  Fatty  Tissue  in  Senile  Atrophy 
of  the  Heart  (x  300.):  1,  C<»nn(rtive-lissuc  tib(?rs ;  2,  atrophic 
fatty  cells  containing  several  smaller  fut-droplob*  instead  of  a  tsinglo 
large  drop ;  3,  blood-vessels ;  4,  former  fat-cell  nnluced  to  a  narrow 
8])indle  cell. 


depends  on  the  apjwaranee  of  a  fibrinojjenetic  substance 
in  the  prestuice  of  a  ferment.  The  former  is  evidently 
lil)enit<Ki  as  iho  tissue-<;ells  or  leukocytes  die,  and  the 
formation  of  fibrin  threads  mav  be  studi(»d  direetlv  under 
the  mu^roscope  ;  tliey  first  appear  as  rach'atin^  or  brush-like 
fijrures,  the  individual  thn^ads  of  wliich  eonverce  toward 
certain  definite  points.  These  ]>oints  are  usually  blocKl- 
|)lates  or  leukocytes,  or  the  remains  of  fixed  cells,  and 
have*  In^en  designated  by  ITauser  "  coajrulation  centers." 
The  blood-platos  tliemsclves  arc  merely  the  products  of 
the  disintegration  of  red  blood-cells,  being  formeil  by  the 
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siinowa as pl(i»«iqrrhej-l4ami plaxmoschi^.  These 
I  processes  also,  consisting  in  the  breaking-np  of  red  blcxid- 
r  cells  intn  small  spheric  fragments — blood-platelets — may 
I  occasioually  be  almlied  tUrtctly  under  ine  inicroiwope 
during  a  hemorrhage  by  tliapedesis  in  the  mesentery  of 
the  frt^.  When  first  formed,  the  fibrin  is  grannlar;  the 
igranules  are  then  arranged  into  threads  and  trabeculte 
which  form  a  network,  in  the  uieshes  of  which  the  blood- 
cells  arc  inclosed.  The  fate  of  the.^e  coiignla  will  be 
dt^Tibed  in  greater  detail  laler  in  eonuection  with  thnini- 
'tMjsis,  The  red  corpuscles  scattered  throngli  the  tissue  at 
'Once  proi^eed  to  lose  their  hemoglnbtii  until  all  truce  of  the 
pigment  has  disapjwared.  The  hemnglobin  is  taken  up 
by  the  streams  of  pWraa  which  traverse  the  tissue,  and 
tliis  at  first  leads  lo  a  diffuse  tiroH  iiish  imbibition  in  the 
immediate  neighborhwid  of  the  hemorrhage.  The  cor- 
ptiscles,  of  course,  bei'onie  pder  aiul  [iider,  nnlil  at  last 
they  are  mere  colorless  stromas  and  cease  to  take  acid 
auiliii  stains,  such  as  wisin,  oninge,  or  Congo-red,  stains 
that  imparl  a  brighl-i-ed  color  to  intuct  erj-thn«'j-lcs.  As 
Uie  red  cells  lose  their  ctiUir  ihcy  also  undci^  distinct 
swelling,  the  two  pit-like  depressions  dii<ap)Knir,  the  discs 
are  gratlually  converted  into  spheres  which  are  wholly 
■oolorless,  and  when  closely  aggregated,  they  bei>ome  flat- 
tened by  mntuiil  preA-inre  into  a  mosaic.  Soon,  however, 
a  Hiametrii'ally  different  process  shows  itself:  the  Hwollcn, 
spheric  stromas  begin  In  shrink,  nnmenuis  miiiiile  n>lr,»c- 
tions  appear  on  the  periphery,  which  in  the  optic  section 
frequently  appear  ns  minute  lenticular  IrkIics,  These  are 
ihe  Ho-«iIled  "peripheral  eoriinselea"  first  described  by 
'Kcknr  an<!  Virchow,  Tlie  colorless  stmrnas  may  n-main 
a  long  time  in  the  tissue  at  this  stage;  In  the  en<l.  how- 
ever, (hey  become  ciom)iletely  disintegrated  or  (lissolved  ; 
or  the  contraction  continnes,  the  cells  presenting  deep, 
pit-like  retrsetinns  or  assnming  various  shapes  like  a 
rubber  ball  that  has  licen  compressed  in  different  direc- 
tions. Some  of  the  extra vasnteil  blood-cells,  however,  a 
early  taken  up  liv  wandering  cells ;  this  occurs  to  a  var 

le"  different  oreang.    Tbeae  ffaudering  cdb  i 
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are  chiefly  lynipliiicjttp,  perhaps  alsu  (Icrivalives  of  fixed 
tissue-cells,  and  ini  account  ol'  tlieir  liiculty  nl'  taking  vot- 
puscular  eleiuenU  uf  all  VlnAa  into  themselves  and  aihipt- 
ing  their  own  bcMtie.s  to  tlie  needs  uf  these  particles,  they 
have  been  designated  Ijv  von  lieckhnghau.sen  ci j ii tractile 
eells  [phagocytes. — El>.].  We  shall  meet  tliefcc  cells  fre- 
quently and  in  a  variety  of  rOles  in  pathok^ic  processes. 
In  tlie  present  euse  these  contractile  cells  become  loadetl 
with  red  onrpust-les,  often  to  such  an  extent  that  the 
nucleus  of  the  cell  is  almost  completely  obscured.  The 
ervthrocytes  taken  up  hy  these  cells  undergo  contraction, 
while  the  hemoglobin  ut  the  same  time  becomes  inspissated. 
Since  the  latter  is  not  washed  out,  as  in  the  case  of  extra- 
cellular erythrocytes,  the  contraction  of  the  inclosing  cell 
ia  aceonipanietl  hy  the  formation  of  irregular,  pointed  and 
angular  gmnules,  which  in  the  end  cannot  l)c  distinguished 
from  fragments  of  wiloring-matler. 

Meanwhile  an  imjKirtant  change  takes  place  in  the  dif- 
fused hemoglobin  which  has  infiltrated  tlie  Kurrouuding 
tissue,  in  tliat  the  iron  in  the  hemt^lobin  iK-coraes  lea 
firmly  bound.  Allhuugh  it  iwntaina  iron,  normal  hem' 
globin  does  not  give  the  tieual  microcheniit'  reactions  i 
iron  witli  potas.-<iuni  ferrocyanid  and  hydrochloric  ad 
(Perls)  and  sirlplmte  of  ammonium  (Quincke) ;  as  the  ii 
iMs^mies  less  firmly  bound  then-  is  a  distinct,  po^tive  re 
lion,  which  shows  itself  in  the  production  of  Prussiaw 
hhte  or  hlaek  iron  sulphid.  This  miH]ifii>ation  of  the 
henioglohin  was  firxt  designated  hematlflrrin  by  Neumann. 
At  first  it  infiltrates  the  tissue;  soon,  however,  it  tends  to 
accumulate  at  certain  points,  and  always  within  so-called 
contractile  [pliagoeytie. — En.]  cells.  The  latter  at  first 
slain  a  uniform  blue  or  black  when  the  iron  tcvt  is  applied ; 
later  the  diffuse  infiltration  of  the  tissue  di.sa))pears  en- 
tirely and  only  the  cells  contain  inrge  and  small  (ragments 
and  gnmulcHuf  hemosiderin.  The  ervthrocytes,  which 
have  been  Incloswl  in  the  contractile  cells  from  the  begin- 
ning, also  undei^  a  similar  chemie  transformation,  so 
that  the  shrunken  remnants  at  a  eertnin  stage  also  contain 
hemosiderin  granules.     But  the  spUtting-otl'  of  the  i 
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continues;  the  metal  disappears  more  anil  more,  anil,  as 
it  dii^ppHirs,  the  mic^i'uclieniiu  reaction  cbonges,  si>  that 
the  application  of  ferrocyaiiid  and  Iiydrochloric  acid  no 
longer  produces  a  pure  blue  color;  on  the  other  hand,  the 
cuuBtantly  increasing  accentuation  of  the  yellowish-brow  a 
color  of  the  pigment  itself  gives  rise  to  a  more  greenish 
color,  unUl  finally  the  imn  disappears  altogether  and  the 
test  turns  out  entirely  n^ativc.  When  this  stage  lias 
Ijeen  reached,  the  hlood-pignient  is  entirely  free  from  iron 
and  ie  mlled  henutki'nUn,  which  is  regarded  as  idenliwil 
with  the  bilirubin  of  hile.  Concurrently  with  the  split- 
ting-off  of  the  iron  the  contractile  cells  which  contain  the 
pigment-gpannies  disintegrate  by  a  fatty  degeneration  of 
their  protoplasm,  and  the  granules  eventually  wmp  to  lie 
free  in  the  tisane ;  part  of  the  iron-free  hematoidin  is  con- 
verted int*>  crystalline  structures — the  so-called  hematoidin 
crystals — in  the  form  of  rhombic  plates  and  needles. 
Virchow,  in  his  epochal  work  on  pathologic  pigments, 
stated  that  these  crystals  were  not  lierived  from  a  fluid 
medium,  but  were  nroduced  by  a  gradual  conversion  of 
granules.  We  shall  have  occasion  to  return  once  more  to 
the  discussion  of  hemosiderin  oa  well  as  hematoidin  in 
connection  with  pathologic  pigments. 

It  is  needless  to  say  that  this  metamorphosis  in  e\- 
trava-sateil  blood  is  not  uniform  in  every  jiortion  of  the 
extravasation  ;  the  larger  the  latter,  the  longer  will  it  take 
for  complete  conversion  and  alisorption.  Aa  the  process 
goes  on  the  tissue  destroyed  by  the  hemorrhage  is  dis- 
placed by  newly  formed  connective  tissue,  or,  in  other 
words,  by  the  formation  of  scar  tissue,  a  process  which 
belongs  Ut  the  domain  of  |«itliologic  regeneration  and  will, 
therefore,  Ix.-  dt'seriln4l  in  that  wci'lion. 

THROMBOSIS. 

It  has  just  been  shown  that  the  blood,  ailer  its  escaix> 
from  the  vessels  into  the  tissue  or  into  lai^o  btKly-wivities, 
undergoes  a  process  of  coagulation.  After  death  also, 
when  stagnation  of  the  blooil  lakes  place,  or  when  hhxxl 
is  taken  fn>m  the  living  b>xly  and  jioiired  into  a  vessel,  it 
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becomes  converted  after  a  time  into  a 
lump;  in  other  words,  it  undergoes  the  same  process  of^ 
wjagiilation.     The  coagulated  nisisses  of  blood   fbuod  i 
t-adavers,  in  the  hearl,  and  in  tlie  hirgw  venous  trunks 
uf  various  kinds:  cither  they  represent  dark-red  \Hnl\et 
so-called  masses  of  cru or,  nr  pule,  yellowish  white,  ribbon^ 
shaped,  lough,  elastic  formations,  so-called  chicken-£it  od 
goose-fat  olots,  also   calle<l   briefly   fibrin   clots.      It   i 
obvious  that  the  differences  in  postmortem  clots  are  to  b 
attribute<l  to  dtflerenoen  in  tlieir  component  parts.     If  the 
entiiv  mass  of  blood  in  a  vessel  or  la  one  of  the  chambers 
of  the  heart  coagulates  rapidly  after  death,  a  red  clot  or 
" cruor-clot "   [currantrjclly   clot, — Eu.]    results;    if,  ou  . 
the  other  hand,  the  rt.il  blood-irells  have  time,  liufore  eoa^-J 
ulatiun  takes  place,  Ui  gravitiite  to  the  bottom,  leukoOyteeS 
and  fibrinogen  only  take  i>art  in  the  procoss,  which,  there- 1 
fore,  results  in  the  jirotluetion  of  a  colorless,  chicken-fat 
clot,     When  WikkI  is  taken  from  the  living  body  and 
allowed  to  stand  in  a  vi-ssel,  the  entire  mass  is  usually 
converted   into  a  liixiy  rosemlding  a  pruor-clnt,  the  so- j 
called  blood-cake.     But  whpii   fresh   blootl,  after  it  hasl 
been  removed  fmm  the  l>o<ly,  is  lieateo  up  or  whipped  iuM 
a  vessel  with  a  hani  ImmIv,  the  latter  Iwcomes  coated  witlfc| 
a  striiifry  sulistanoe  resembling  a  white  clot  and  ( 
ing  chierty  of  colorlps,s  masses  of  fibrin. 

Under  certain  conditions  coagulation  of  blood  or  sora 
of  the  cimslituents  of  blood  may  take  place  al.so  durinjH 
life  within   the   circulntory  system,  and    this   process  M 
known  as  throml>opis.      The  most  important  facturs  fod 
the  octiurrcnce  of  thrombosis  are  retardation  of  the  bloodJ 
current,  changes  in  the  wall  of  the  vessels  and  of  thea 
heart,  and,  finally,  under  certain  conditions,  changes  isf 
the  cliemir  comiwxiition  of  the  blood  itself.     If  a  blood- 
vessel is  ligatcd  in  two  places,  the  contents  coagulate  be- 
tween the  two  ligatures  and  the  thrombus  is,  nf  course, 
composed  of  all  the  conatitnents  of  the  contained  blood. 
A  thrombus  prricluce*l  in  this  way  is  dark 
exaniinol  soon  after  its  fnrmalion,  it  wil 
rsed  by  threads  of  fibrin  arranged  i 
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id  issuing  from  the  cndothiflium  uf  the  blood-vessel, 
stnnll  vessels  these  fibrin  threadii  may  bv  packed  so 
closi'ly  tis  Xn  fill  the  entire  lumen  with  a  network  formed 
by  the  union  of  radiating  fibers,  in  the  moslies  of  wliich 
both  r«i  and  while  blood- corpustdes  are  inclosed.  The 
fibrin  threads,  as  may  be  readily  recognized  in  the  periph- 
eral portions  of  the  thrombus,  arc  atUtched  to,  and  radiate 
from,  endothelial  ceils,  both  sucli  as  are  in  sllu  and  cells 
that  have  been  cast  off'  i'n>ia  the  vessel-wall.  The  IkhIics 
of  tile  cells  are  sometimes  found  in  a  state  of  disinteera- 
tion  ;  sometimes  the  oval  nuclei  cjuly  are  visible,  or  these 
may  be  nndei^ing  dissolution  (Plate  4,  Fig.  I.).  Hanser, 
who  was  the  first  to  call  attention  to  these  coagulation 
centers,  believed  that  tlie  injury  to  the  blood-vessel  wail 
incident  to  ligation  caused  the  dealh  of  the  endothelial 
cells;  that  this  was  followed  by  the  liberation  of  fibrin 
ferment,  which  at  once  combined  with  the  fibrinogen  and 
caused  the  proclpitation  of  fibrin  thnwls.  But  disin- 
t<^ratiog  cnuiitlu'lial  cells  are  nol  the  only  elements  capa- 
ble of  producing  this  fibrin  ferment :  it  results  much 
more  frequently  and  in  mucli  greater  quantities  from 
the  formation  of  tlie  so-called  blood -pi  ate  lets. 

The  blood-platelets  for  plates. — Ed.]  were  first  do- 
ibed  bv  Haycm  as  fieiiialoblaaU.  In  1882  Bi7^/>zero 
;ls6  rcgardinl  them  as  a  preformed  third  constituent  of 
the  blood,  present  in  the  normal  circulation,  a  view  which 
lias  recently  been  shared  by  Deetjen,  who  iK'lieves  that  lie 
has  foun<]  nuclei  in  the  platelets  and  that  he  has  observed 
ameboid  movements.  [These  i n vest igiit  ions  have  been 
)Xt«nded  tn  this  country  by  Pratt,  who  aho  believes  that 
"lere  exists  a  third  preformed  clement  in  the  blood,  dis- 
_j'nct  from  the  fnignicnlar^-  exlrn.-'ions  from  re«l  corpuscles 
that  take  part  in  coagulation. — En.]  On  the  other  hand, 
I/'wit  and  otherv  advance  the  theory  that  the  blood-plate- 
lets are  the  result  of  precipitation  of  globulins  in  the 
bIfMid.  while  a  number  of  other  authors  Incline  to  the 
opinion  that  the  jilatelcts  merely  represent  disintegration 
products  of  white,  and  especially  of  red,  bloiMl-cells 
{Ziegler,  Arnold),     As  has  been  meutioDed  in  cuuoectipn    . 
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PLATE  J. 
Fio.  1.— AUrutic  White  Thrombus  from  the  Right  A 

(Hemnt.-eonin.     ■.  IW.):  1,  UfartmuMjlei  2,  network  of  li 
inirluiling  luukocytes  in  cluse  apposiUon  wilb  tile  beurl  li 
roatsL'e  of  blood-pljileleU ;  4,  larger  collwlimi  i<t  k'uk'Ki 

Fio.  :;.— Advanced    SUg«    of   Organization    in   a   Vennua 

Thrombus    (lli'mul.;    (.rango.      x    lill,]:    1,    AilvenlitU    willi    viuia 
T»3nnlni ;  2,  luiilhi.  inner  layer;  S,  luligitiidiiml  niusde  bundlca uf  till) 
Willi  ijf  the  vein  in  Imiisrerso  si-ction  j  1,  iii-'wlj  fi'miwl  Iilood-ve 
thai  have  gniwii  into  tlia  wnll  of  Uie  vuin  rmni  thv  iulv«litlti| 
young,  growing  mnues  a(  i^nnncctivc  Usiuo  and  unduiheliinn  si 
the  tlinmibiu. 

PLATE  J. 
Fin.  I,~Organlzatlon  of  a  Venous  Thrombus  i HemHt.-eodn. 
X  aoo.)-  L  MuscnlarlayiT  of  tin.  wall  of  llicvein;  2,  bUwid-iiigment 
depo«itwl  in  the  wiill  nf  iW  voin  ;   8,  jniinu;  vmbitiiolial  spruu 
th«  Riual  [Urt  Hlrcnily  flllul  uitb  rwciitly  dcjiorili'il  red  btix.>d-o 
rmI  gTowini;  in  lowiin)  the  Ibmnibiis. 

Fig.  2.— Contracted   Organized   Mural  Thrombus  of  1 

Aorta  (tlemat-nwin.      x  64.):   I,  AdvpntitJii ;  2,  liiedin ;  H,  formw 
position  of  the  ndvenUUa,  indisfolubly  eonnt-cltd  with — 4,  c. 
tinuo  will)  Hn  >iPi9«  «f  lenerly  Btnrtch»l  fibct«,  dnc  to  tlic?  oigunicor 
liun  of  tile  thrombus,  with  few  nucltsi ;  6,  dinleiided  Idood-ve 
tbt.'  newly  furiupd  i^oniiwUve  liMu& 
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with  the  study  (if  diapedesia  in  the  mesentery  of  the  ( 
the  extravasat«d  red  blood-cells  jireseiit  cfrtain  pecuira 
phenomena  of  diHinteg  ration,  ulasniofichiiiis  or  erythnx!y- 
toschisis  {Fig.  I.).  The  red  blood-cclla,  after  their  escape 
from  the  circulation,  lironk  up  into  small  spheric  struetiires 
which  miiHt  be  regarded  us  fragraentt*  of  erythrocvles ;  the 
same  process  of  frogmen  tat  ion  may  neour  in  bloo<I  stagnat- 
ing within  the  vessels,  or  even,  untW  certain  cireumMt.inces, 
in  cireiilating  blood,  when  the  red  blooili-ells  have  lH?en 
injured  by  some  change  in  the  wall,  esjiecially  In  the 
intima,  or  by  the  introduction  of  foreign  bodies  into  the 
cinrulaliun — snch  a  change,  for  instance,  as  may  be  fftbcted 
by  the  artificial  introduction  of  a  thread  or  a  bri,«l]e.  In 
preparationii  obtained  experimenljilly  and  oKservc-d  in  the 
recent,  state  or  fixed  immediutdy  after  death,  tbt;  injured 


rah.1. 


iC-etr 


-i  V. 


>  i-*  •'*•', 


^'  ;t^v^a^!.'v!»^ 


n^i. 


r,g.i 


THlWMBOStS.  27     ^H 

portione  of  tbe  blootl-vessc'l  wuU,  as  well  as  Uie  foreign 
b(»dy  that  lias  been  introduceJ,  are  covered  with  a  qiiantity 
of  small  platelets  and  sjilieric  btkiies,  which  are  due  to  the 

I      disintegration  of  red  bluod-colls  aod  are  at  first  partially     ^_ 
colored  with  hemoglobin,  but  soon  lose  their  pigment.  ^^H 

Very  soi.>n  uftcr  death  or  after  the  formation  of  these   ^^H 
red  blood-tiell  derivatives  a  peculiar,  viiKom  vici^morplionia    ^^M 
takes   plac%  which   results   iu   the  formation  of  doubly    ^^^ 
packed,   very   finely   granular   or   homogeneous    masses,    ^^H 
Accordingly,  the  hnuiati  cadaver  nnder  ortlinary  condi-    ^^M 
tions   never   enntains   well-preserved    blotxl-platelt'ta,   as 
these  are  always  converted  into  a  unillirm,  slightly  gmuu- 
lar,  or  homogeneous  mass,  fiiinlly  tiiigiblc  with  acid  auiiin 
dyes.     The  platelets  form  one  of  tlic  most  important  con-       ^^ 
stituents  uf  cjagula  formct]  during  life — i.  c,  of  thrombi.     ^H 
It  is  evident  that  they  may  also  contribute  ereatly  to  the     ^H 
production  of  fibrin  ferment,  and  platelets,  therefore,  fre-     ^| 
quently  represent  the  crystjillization  centers  or  the  first 
attraction  spheres  in  commeucing  precipitation  nf  fibrin, 
iDflammatory  tissue — as,  for  example,  in  lungs  with  pnen- 
monic  infiltration,  in  pnndent  meningitis,  in  mucous  mem- 
branes affected  with  diphtheria  and  croup — presents  within 
the  vessels  of  the  parts  imme<liately  contiguous  to  the 
inflammatory  foci   large  numbers  of  veiT   minute,  deli- 
cately formeil,  stellate  maases  of  fibrin,  which  adhere  not 
only  to  endothelial  cells,  either  in  mlu  or  separated  from 
the  vessel-wall,  but  may  also  contain  a  very  minute  central 
spheric  Ixidy,  whioh  docs  not  tuke  stains  in  the  same  way 
as  fibrin,  and  which  is,  in   fact,  a  blood-platelet.     Some- 
times these  stellate  figures  combine  to  form  larger  net- 
works, and  whenever  more  robust  fibrin  threads  are  forme<i, 
the  latter  again  be(«me  attraction  spheres  for  the  sprout- 
ing of  new  threads  of  fibrin,  and  the  network  thns  be- 
comes more  and  more  dense   (see  Plate  4,  Fig.   11.     If 
as  the  result  of  a  violent  injur}'  to  the  red  blood-cella 
in   the  blno<l-cnrrent  the  cells  undei^o  extensive  disin- 
tegration and  large  (|n(intities  of  red  bloal -platelets  are 
formed    at    one    time,    then     the    resnlting,    pronounced   ' 
action  of  ferment  U-arln  to  the  fiimialion  of  lai^  massefl   ' 


28  CIRCULATORY  DISTURBANCES. 

PLATE  4. 
Fio.  1.— Besinnlng  Thrombosis  In  a  Small  Artery,  from  ■ 
Case  of  Ptirutent  Fibrinous  Leptomeningitis  (AJum  o<»Uii><'Bl ; 
Weigert'iislitin.      ■    li-'."). ,  :  I,   Kiiil.,ili,.li,iiii  ^  1',  mu^dc-ctU*  in  lnin». 


I,  leukocjfa  wiihiii  tlio  . 


i,  D  brill  f\ 


cell-  .if  ili« 


Fid.  2.— Orsanized  and  Partly  Canallxed  Thrombus  of  th« 

Brachial    Artery    (lli'ii.nl.  ;    i>r<'ciii.       :.    S2.):     1,    A<lvrnlitin;    2, 

tuiiiua  iiiediii;  M,  iir^unized  thiiFNilius — (.  c.  repliippci  by  cwiinWlive 
tSaiuo ;  1,  ni^wly  foniu'd  unil  iii  )iiirt  diluted  vveavh  williiii  lltL'  Itiruiii- 
buK ;  S,  iliiinlrgrated  rviiiniiiis  uf  thn  cibl  thri'tuliue. 

PLATE  5. 
Pio.  1.— Recent  Red  Thrombus  from  the  Crural  Vein  (Car-, 
min;  Weigert'i  flbrin  ilHiii.  .  lu,);  1,  Musses  of  Ubdti  armnged' 
In  a  drtulor  manner  nl  tbr  pi-ripliprv.  nnil  in  llw  f.mn  of  single,  rib- 
like  Mranila  in  tlie  inU-rior  p..r(iniis  cif  llio  lli  r"iiibii» ;  2.  i-bwvlj  »ggt*- 
^ted  rod  Mood-cflla ;  8,  wnUcrwl  leuktK'j'li* ;  i,  ni«B«es  of  |]1kIv1pU. 

Fig.  2— Blood  Platelet  Thrombus  (Cnrmin;  Weigert*  Uttrin 
elBiii.  ■<  2R0.U  I,  Erytlinx-Ttw  ;  2.  Ipu  k  .><■>■  U-s ;  8,  fibrin;  i,  MimmI- 
pbtti'lel*. 

Fm.  8,— Recent  Red  Venous  Thrombus  (fiirniinj  Wmgert'* 
nbriniUin.      »  280.):  1,  ErUlini'vUw;  2,  K^ukiH'jlcs;  8,  llbrin. 

of  fibrin ;  tho  threads  and  tralx'culic  of  thf  muiwi's  of 
fibrin  are  iisuallv  arrangwl  in  ooncentrio  circles  milierent 
to  the  inner  wall  of  tho  vessel,  WauHe  (lie  aetion  of  the 
formont  is  most  intense  at  this  point,  as  the  ilisintt^ration 
of  piythnicvtes  usiiallv  l>eKins  at  the  bio- iii- vessel  wall 
(Plate  5,  Fig.  1).  [Reccntlv  it  lias  bwn  slutwii  lliat  red 
(iorpii«'les  may  l>e  a^lutinaliil  /"  I'ii'o  bv  toxic  Mib^tunces 
produce*!  by  certain  Iweteriii — r.;/.,  lyplioid  Imeilli  suul  by 
immiine  cj-tolvlie  and  licniolytie  senimiri.  It  is  llu.iight 
that  uncli  "niKlnlination  thmrubi "  may  l>e  the  primary 
cause  of  ocelnsion  of  vessels  in  infedions  diseases,  sneh  as 
typhoid  fever,  and  in  intoxications  like  pnerpral  eclump- 
aa. — Ed.] 

Disintegniting  leukocytps  may  also  pn«lMee  ferment 
and  thns  lieeome  coagulation  centers.  Tlie  first  imwliis 
to  the  tiirmation  of  a  tliromliiis  is,  therefore,  always  fouDJ 
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in  sorae  degeoerative  pnx-ess,  lieginning  eitber  in  the 
vessel-wall  or  in  the  cellular  constituents  of  the  blood. 
The  greater  the  number  of  red  blood-ccllfi  indosetl  in  the 
meshwork  of  tibriu,  the  more  closely  will  the  clot  ap- 
proach the  tyt)e  of  the  red  tliroinhujt ;  but  it'  the  coagula- 
tion does  not  take  place  rapidly  and  uniformly  througliout 
the  entire  lumen  of  the  vessel,  the  intact  red  blood-cells 
may  slip  down  past  the  masses  of  fibrin  and  red  blood- 
platelets,  and  the  growth  of  tbe  thronibua  may  be  affected 
chiefly  by  the  agglutinatiou  of  new  oiassea  of  platelets 
and  the  deposition  of  additional  fibrin  threads ;  the 
thrombus  in  such  a  case  contains  practically  no  erythro- 
cytes, and  in  this  way  the  so-called  white  thrombi  are 
formed.  Most  commonly,  however,  thrombotic  deposits 
in  transverse  section  present  alternating  paler  and  darker 
Uyers,  as  the  number  of  red  blood-cells  inclosed  in  the 
meshwork  during  the  growth  of  a.  clot  varies  from  time 
to  time.  Frequently  the  surface  of  thrombi  in  large 
venous  vessels,  and  especially  in  the  heart,  presents  rib- 
like prominences  or  ridges,  separated  by  rao<lerateIy  deep, 
groove-like  depressions.  When  a  thrombus  of  this  kind 
IS  examined,  it  is  found  to  contain  a  kind  of  framework 
of  broad,  homogeneous,  and  colored  trabecule  and  bands, 
winding  through  the  thrombus  in  an  irr^ular  fashion  and 
ending  in  the  rib-like  projections  on  the  surface.  These 
structures  represent  a^lutinated  masses  of  platelets,  sejra- 
mted  from  one  another  ijy  a  certain  distance  and  connected 
by  festoons  of  fibrin.  The  latter  pass  in  graceful  curves 
from  one  wird  of  platelets  to  another,  and  are  usually 
most  abundant  in  the  immediate  vicinity  of  the  platelets, 
while  midway  between  two  cords  of  platelets  the  fibrin  ia 
Oiore  scanty.  In  addition,  however,  a  white  thrombus 
always  contains  leukocvles  in  estremelv  variable  numliers. 
As  a  nde,  the  part  of  the  thromha^?  nearest  the  wall  of 
the  vessel  or  heart,  as  the   case   may   be,  contains  the 

freatest  aggregation  of  leukocytes,  while  Iheir  numbers 
itninish  more  and  more  towanJ  the  central  portion  of  the 
thrombus.  The  number  of  leukocytes  is  evidently  due  in 
part  to  the  same  causes  as  those  which  lead  to  the  produc- 
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tion  of  tho  tliruiuljus  it.'tt'll'.     If  t\w  liitter  is  dan  to  iti< 
flaminatory   processtis,   vfipuciaJly  uf  a   Uictoriot   nature, 
whiuh  have  attacked  the  vesi^cl-watl,  the  greatest  aoGumu- 
latiou  of  leukocytes  is  found  near  the  vessel-wall  and  in 
the  microscopic  picture  of  the  thrombus  tlicy  may  actually 
predominate  over  ilie  platelets  and  the  fibrin.      In  the 
beginning  they  usually  are  well  preserved  and  present  a 
distinctly  tingible  cell-body,  with  the  typical  lobulated, 
clover-leaf,  horseshoe-  or   biscuit^shaped  nuclei.      Lat^, 
they  undergo  fatty  degeneration,  the  cell-bodies  becoi 
loaded  with  numerous  small  droplets  of  fat,  and  the  nuc 
disint^mte  more  and  more.     As  a  result  tlie  thrombi 
becomes  sofl,  sometimes  semifiuid,  and  almost  like  pus- 
it  ia  said  to  undergo  purifom  aojlen'mg.     The  process 
not   a   true    suppuration,    however,   for   the    lenkocyh 
undergo  a  kind  of  fatty  degenersition  which  subeeciiienlly 
involves  the  layers  of  fibrin  also,  so  that  the  latter,  ns 
well  a.'*  the  masses  of  platelets,  are  convertetl  into  a  fine!; 
grauular  detritus,  oontaiuing  numberless  minute  fatnlrop- 
lets.     Occasionally  raicro-oi^Tinisms  are  found  in  the  in- 
terior of  thrombi,  especially  when    they  ha\'p  been  tha' 
cause  of  the  thrombus  formation,  as  is  often  the  case 
inflammatory  pmecsses. 

So-called  camprrJtshn  thrombus  is  explained  chiefly 
injury  to  the  vessel-wall  from  compression  by  exudat«8, 
tumors,  ligatures,  and  the  like.  The  production  of 
CHlle<l  maravtic  thrombi  is  usually  explaineil  by  an  excess- 
ive disint«jrnition  of  the  cellular  constituents  of  the 
blood  which  occurs  in  various  cachectic  conditions  and 
leads  to  an  increased  fermentative  activity  which  may  go , 
on  to  a  veritable  ferment  intoxication,  while  the  situation 
of  the  thromlius  is  determined  by  concomitant  local  circu- 
latory dipturbanees. 

When  a  thmmbus  remains  for  some  time  witliin  the 
living  body,  it,  of  course,  cannot  escape  w-rtain  changes; 
in  fact,  it  undergoes  a  series  of  metamorphoses  which  in 
the  main  belong  to  the  domain  of  pathologic  organization 
and  may  eventually  end  in  spontaneous  cure,  and  stime- 
times  even  in  a  partial  restoration  of  the  original  circn* 
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lutlet^  fatty  degeiiuratioii  i 
niiriilent  soAeiiing,  OJid  al'tt-r  tht  fatty  nmftses  of  detritus 
bave  bei-n  absorbeu,  it  is  wmceivable  that  the  jterineiibility 
of  the  Vessel  might  be  restored.  What  is  more  freijiietit, 
brtwever,  is  a  gradtml  substitution  of  the  const itiieitt»  of 
the  tlimmbus  by  Inie  fibrous  connective  tissue,  gR»w- 
iiig  from  the  wall  of  the  vessel,  which  undergtvcs  a 
cicatricial  contractisii  and  thus  may  eventually  form  a 
ca\'ity  resembling  the  lumen  of  a  blood-vessel.  The  en- 
dothelium of  a  thrombosed  vessel,  unless  it  has  undergone 
alteration  from  the  beginning  or  has  been  destroyed  and 
thus  given  the  first  imjjetns  to  the  formation  of  a  throm- 
bus, may  undergo  proliferation,  New  cells  are  formed 
and  grow  toward  the  thrombus.  Much  im|)ortance  has 
been  attached  to  this  primary  proliferation  of  the  endo- 
thelium ns  regards  the  subseijuent  processes  that  take 
place,  but  it  seems  fn-quently  to  be  only  a  temporary 
stage  and  to  disappear  again  later.  In  many  cases  the 
proiiferatwi  endothelium  is  probably  itself  capable  of  pro- 
ducing connective  tissue  by  a  spHtting-np  of  its  cells  into 
fiU'rs.  The  thrombus,  then,  lite  any  other  foreign  body, 
U^ins  to  irritate  its  immediate  neighlxirhood,  with  the 
n-sull  llidl  newly  formed  cells  fnmi  the  surrounding  cun- 
ncctive  tissue  gnidually  enter  the  thrombus.  Masses  of 
young  cells  grow  in  a  perpendicular  direction  towani  the 
former  lumen  nf  the  blood-vessel;  in  the  lase  of  the 
larger  vessels  they  originate  in  the  endothelium,  in  the 
connective  tissue  of  the  inlima,  in  the  subendothelial 
tissue,  and  in  the  vasa  vasoruni  of  the  adveutitia ;  in  the 
smaller  vessels,  from  tlie  conligiions  tissue.  Young  bud- 
ding bliiod-vesscls  perforate  the  avascular  tunica  media  in 
various  places,  and,  accompanied  by  cords  of  young. 
spindii>-sliaped  connective-tissue  cells — so-called  fibroblasts 
— and  small  aggregations  of  ronnd-cells,  destroy  the  con- 
tinuity of  the  mnscularis  if  the  vessel  is  provided  with 
«nch  a  layer.  Gradually  this  cellular  material  makes  its 
way  through  the  middle  layer,  invades  the  inlima,  and, 
m  the  eiim)tbeliiun  by  thia  time  oaually  presentg  many 
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int^rrnpiiuns  of  iU  continuity,  approaches  the  thrombus 
and  gra<ltiullj'  sends  out  smiill,  hiiduing  blood-vessels  into 
the  latter  from  all  directions.  The  vii£cular  \mA»  at  first 
represent  thin,  cylindric,  solid  cords  of  endothelial  cells, 
which  at  once  begin  to  ramify  and  surround  the  periphery 
of  the  thrombus  with  a  veritable  network  of  vessel-form- 
ing cells.  The  endothelial  cells  separate  niore  and  more, 
leaving  a  narrow  capillary  lumen  which  red  blood-cells 
enter  in  throngs  from  the  vasa  vasqrura  or  fi^om  other 
blood-vessels  near  by.  At  tills  stage  the  red  likwd-cells 
that  have  recently  entered  tlie  blorxl-vessels  are,  as  a  rule, 
readily  distingnished  from  the  erj-throcytes  belonging  to 
the  thrombus,  both  by  their  greater  tingibility  and  their 
more  regular  outline.  The  erj'throcytca  of  the  thrombus 
itself  at  the  same   time  undergo  pigmentarj'  metamor- 

Sbusis,  which  runs  exactly  the  same  counie  a»  has  been 
Bscribed  above  in  connection  with  extravasatcd  blood. 
At  the  same  time  wandering,  contractile  cells  [phagocytes. 
— Ed,]  carry  parts  of  the  pigment  with  them  and  deposit 
it  in  the  surrounding  tissue;  even  before  this,  the  hemo- 
globin may  deposit  itself  by  diffusion  in  the  walls  of  the 
thromlwsed  vessel  or  in  the  surrounding  tisr-ne.  It  is  the 
rule,  therefore,  after  a  time,  when  the  process  of  organiza- 
tion begins  in  thrombi  which  contain  red  blood-cells,  to 
find  fragments  of  pigment  outside  of  the  thrombus  itself 
(Plate  3,  Figs.  1,  a). 

Part  of  the  cellular  materiul  which  enters  the  thrombus, 
at  least  in  the  case  of  the  linger  vessels,  is,  therefore,  de- 
rived from  the  intima,  or  more  exactly  fmm  the  sulj- 
endothelial  connective  tissue  and  from  the  cudi illielium 
itself,  while  another  part  is  probably  contribudil  by  the 
advcntitia.  While  the  cells  are  still  fon'ing  their' way 
thnuigh  the  inner  mirtions  of  the  thrombus,  the  nuwly 
fonncd  connective  tissue,  in  the  permheral  portions,  with 
many  thin-walled  and  comparatively  wide  veseels,  is 
gnKlually  converted  into  adult  fibrous  tissne,  As  the 
connective-tissue  fibere  increase,  the  pmtoplasniic  )x>die8 
of  the  invading  fibroblasts,  which  are  at  first  quite  exten- 
sive, shrink,   their  uuclei   become   smaller  and   darker. 
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lorl  and  spindle-sIiapHi ;  siime  ut'  tlif  vessele  are  obliter- 
t«i,  itieir  wails  are  pressed  tue;ctlier,  and  their  endothelial 
elU  arc  lost  in  the  surrDuimiiig  fibnuLs  ttsisiic  or  them- 
elves  contribute  to  the  fibrous  lormutiuii.  At  the  same 
ime  Uie  newly  formed  bltiod- vessels  in  tlie  central  i«)rtion 
f  the  thrombus  continue  to  grow  and  tiiniish  tlie  means 
or  tbo  advancing  atxtorptioD  of  the  tlininihiis  in  the  form 
f  numerous  colorless  blood-cells  which  esaiw  through 
heir  walls,  are  convertetl  into  contractile  cells,  become 
oaded  with  pigment  and  other  detritus,  and  then  convey 
beir  load  to  tlie  outside.  After  the  thrombotic  material 
as  been  completely  replaced,  the  newly  formed  tissue  that 
ms  grown  in  from  the  outside  ahmg  the  entire  length  of 
he  thrombus  may  undergo  cnusiderable  contraction.  If 
be  original  thrombus  diil  not  oecludc  the  entire  lumen  of 
he  vessel,  as  in  the  wise  iif  so-called  parietal  or  mural 
brombi,  the  eirculation  in  the  vessel,  of  ooiirse,  is  never 
odrely  interrupted,  and  urgimizatiou  of  the  thrombus  is 
ivoally  followed  only  by  a  more  or  leas  extensive  thicken- 
Dg  of  the  wall,  in  the  form  of  a  jiafl-like  deposit  on  tlie 
Dtjma,  with  which  it  is  inse|)arablv  connected.  Even  in 
he  case  of  thrombi  that  completely  obliterate  the  vessel 
he  Bcoondary  contraction  of  the  connective  tissue  may  be 
;reat  enough  to  form  a  partial  opening  of  the  lumen  and 
D  pdrt  restore  its  jMitcncy.  This  residt  is  also  chiefly  due 
D  contraction  of  tlie  i^nnective  tissue,  as  fully  formed 
ibrous  cicatricial  tissue  everywhere  in  the  body  takes  up 
ess  space  than  the  original  grainilation  tissue  from  whicli 
i  is  (lorived.  The  patulous  [x)rtion  of  the  lumen,  which 
D  arteries  is  central,  and  in  veins  peripheral,  with  respect 
0  the  thrombus,  may  permit  the  entrance  of  blood  mto 
be  tissue-spaces  formeii  <hiring  the  process  of  contraction, 
provided  the  bloo<i  is  under  adequate  pressure.  Anas- 
omosis  betwi'cn  the  original  lumen  and  the  larger  vessels 
D  the  new  tissue  which  have  escaped  the  contraction  may 
Jso  be  effected,  and  in  this  way  the  entire  length  of  the 
dag  may  W  traversed  by  cavities  filled  with  blood  and 
iccessible  to  the  eirenlation — in  a  word,  the  thrombus 
t'iWa^  to  faecomc  oanaiiaaL     Swnctiineg  tba  ipvading 
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cunuoclive  tissiii'  leads  to  the  formation  of  peculiar  iKinds 
of  tit«8ue,  w)iich  either  upaii  the  turmt^r,  liinieti-like  bridges, 
or  form  hard,  ridge-like  deposits,  and  aometimeti  result  in 
Ix-udiiig  or  kiiiking  of  the  ves«'l  and  in  various  dibtortions 
of  the  lumen.  Siieh  changes  are  especially  apt  to  occur 
in  thio-walled  veins  and  are  often  Ibund  years  after  the 
thrombosis  occurred  (endophlcbitiit  iJefoi-viant).  In  rarer 
L'iisea  a  continuous  concentric  cuntnictiuu  of  the  connective 
tissue  and  of  the  vessel-wall  which  is  closely  adherent  to 
it  takes  place,  so  that  the  process  ovcntiuilly  leads  to  the 
production  of  compact  cylinders  which  juTninnentlv  cut 
off  the  lumen  from  the  circulation,  tniimutely  the  fibrous 
tisisue  becomes  hard  and  poor  in  nuclei,  and  calcium  salts 
may  be  depa^ited  in  it,  forming  concrements  which  are 
designated  artcnoliihs  or  phJebofifli-s,  according  to  the  kind 
of  vessel  in  which  they  are  found. 

The  cases  in  which  the  thrumbtis  contains  not  only 
normal  constituents  of  blood,  but  also  the  causes  of  in- 
flammation, usually  bacterial,  deserve  a  brief  spedal  dis- 
cussion. Thrombi  of  this  nature  may  he  either  jirimary 
orsecondary.  When  primary,  they  are  due  to  the  I(«lgment 
of  micro-organisms,  or  parts  of  thrombi  containing  micro- 
organisms, npon  some  point  of  the  intima  the  injury  to 
which  leads  to  the  deposition  of  larger  plugs.  Set^ndary 
ihiitmbi  are  due  to  the  extension  oi  extravascular  inflam- 
matory processes,  as,  for  example,  in  erjsipelas  or  phleg- 
mon of  the  skin,  to  the  walls  of  the  blood-vessel  in  the 
region  attacked,  thus  causing  changes  in  the  vascular 
walls  and  invasion  of  micro-organisros  from  without. 
Such  cases  arc  described  by  the  term  ftiromboarlerUU 
or  tfirovtIwpftiebiHs,  The  thrombi  in  these  cases  are 
distinguished  fnim  the  b^lnniiig  by  the  extraordinary 
quantity  of  white  blood-eells  with  fragmeutcfl  nuclei 
which  they  contain.  The  intima  is  usually  ccjvered  with 
a  wreath  of  leukocytes,  with  micro-organisms,  as,  for  ex- 
ample, streptococci,  in  the  uterine  vessels  in  cases  of  puer- 
jicral  so|)eis.  The  leukocytes  then  traverse  the  vessel-wall 
from  within  outward,  and  collect  in  every  portion  of  the 
wall,  as  well  as  in  the  surrounding  tiasue,  where  they  form 


tlcnst.'  aouuiuuktion):,  so  that  the  veeael-Wiill  may  utiiiergo 
a  true  suppuration,  remlcriiig  it  iiiipiici^ible  dthcr  niitiru- 
scopicully  ur  niacrogcupiuilly  tu  delimit  it  from  ihc  tbroin- 
hue,  on  the  iiue  liaiid,  and  the  puruk-nl  |K!rivascular 
infiltration,  on  the  other.  Produced  iu  tliis  way,  purulent 
tlirombi  cwutiiining  bofteria  very  often  lurni  tlie  starting- 
point  for  t'xtensioD  of  the  mycotic  process  to  the  rest  of 
the  body  by  tlio  tw-paration  of  portions  of  the  thrombi 
whieli  are  carried  toward  the  heart  in  the  ease  of  veins, 
and  to  the  periphery  of  the  correspoiidiug  vascular  regions 
ill  case  of  arl*'ries  (woe  under  Embolism).  If  the  process 
is  not  followeil  by  tlie  death  of  tlie  individnul,  and  if  the 
vessel-wall  lia«  not  been  entirely  destniyed,  oi^jnizatiou 
take  plaee  even  in  tliese  cases  after  the  death  of  the 
bacteria  and  tlie  fatty  degeneration  of  the  leukoeytes, 
The  process  of  organization  begins  in  the  surrounding 
.connective  tissue  an<I  its  vessels,  and  proceeds  in  exactly 
tlie  same  way  as  in  a  simple  thrombus,  except  that,  owing 
to  (he  greater  di'Strnetion  of  the  walls,  secondary  auializa- 
b'on  with  restoration  of  the  circulation  is  less  apt  to  take 
place, and  the  corresponding  vessel,  owing  to  the  cieatrieinl ' 
contraction,  usually  remains  permanently  excluded  from 
the  circulation. 

EMBOLISM. 

When  foreign  eorpusonlar  elements  enter  the  circulation 
iliiev  lodge  at  some  point  in  the  vascular  system,  either 
because  they  are  too  large  to  pass  the  smaller  vessels, 
icepecially  the  capillaries ;  or  because,  owing  to  viscid  eon- 
sistenoe,  they  beci>me  adherent  at  some  point  to  the  vessel- 
wall  ;  or  because  they  give  rise  fo  injury  of  the  delicate 
iDtima  and  attach  themselves  to  the  injured  spot;  or, 
'finally,  because  they  produce  altenitiuus,  deposits,  and 
coagulations  of  the  eonstitncnts  of  the  hlood,  which  in 
'»m  become  fixed  at  some  narrow  portion  of  the  vessels, 
n  every  case  of  this  kind  the  foreign  liody  is  designate*! 
n  embofng  (from  i/ij^iUXetu  =  to  lhn)w  in),  and  the  pn>- 
ese  itaelf  is  known  as  em&olimt.  If  it  is  followed  by 
of  s  vsaoular  territory  and 


i-invULATUilY  VlSTVRlSASCES. 


PLATE  b. 
Fm.  t.^Mlcrococcal  Embolism  of  the  Kldoeys  In  Pyemia 

(Aluiu-i'Dcbineal ;  (irulii.  .«  6<KI.J:  I,  CHnif^rDUK  tllliulet  i  ^,  glum- 
urulus;  8,  acuuQiulutiuns  uf  tlnphyUicucui  iii  tliu  vuH-ulur  uciiU  irf'  tbe 
glnmeruluB. 

Flu.  2.— Embolic  Abscesa  In  the  Myocardium  In  Ulcerative 
Endocarditis  iH>'mai.-ix'»iii.  i  Gniin.      ■   117.):   I,  MuH'nnlium;  2, 

olosutv  paclitii  lilii(Mj-i'iir|)ii=i'l<-«  ;  ;i,  iiiiiss  of  EtujilijIin'iH-Li  nx  ibe  uinlcr 
uf  thv  uUcuiii. 


■  if  the  rorrespondiiijr  reginii,  it  b  also  knuwn  as  infnreUoft, 
autl  the  afi'ectol  tisguo  is  dei^igiiatecl  uii  in/tirct.  The 
arrested  embulus  Id  iimiiy  caets^,  uf  coursf,  leads  \u  tlio 
secoudaiy  deposition  iif  blood  constituents,  as  dpscribod 
in  coi]uet;ti(iii  with  thrombosis,  and  wt  tlieii  have,  in  ctMi- 
tradistinction  to  the  original  or  primary  hiulorlithonouv} 
thrombug,  an  embolic  thromhun.  Eaiboli  most  com- 
monly consitit  of  ^xirtions  of  thrombi.  When  a  thrombiu 
uiider^e»  the  pnriforui  degeneration  or  Buppuratiou  de- 
seribed  in  the  foregoing,  it  h  obvions  that  jiortions  of  it 
may  readily  be  foni  loose  and  carrietl  farther  along  into 
the  circulation.  In  tiielr  suljsequent  progress  tbey  follow 
the  laws  of  the  eirculation  of  the  hlooti;  biit,  owing  to 
retrt^nule  movement  of  the  blood-stream  in  et-iTain  path- 
ologio  condirionsj'as  well  as  to  patuleneeof  the  foramen 
ovale  lietween  the  auricles  of  the  heart,  emboli  sometimes 
travel  in  waya  that  at  fiivt  sight  may  be  difficult  to 
explain  ;  ench  emboli  are  ealled  pnrnclarlc. 

Thrombi  ■<iinati-il  in  the  hrart  itself  are  apt  to  become 
the  soLiivc  i>f  etiiliili.sni,  ihivimbi  in  the  right  heart  send- 
ing ih.'ir  chilmli  inio  ilic  lungs,  while  those  in  the  left 
veiitriele  and  aurii^te  M'lid  out  emlK)Ii  into  the  greater 
eireulation.  Only  the  smallest  enrpnwcillar  elementu  are 
able  to  iNiss  through  the  pulmonary  circulation,  in  that 
case  again  entering  the  left  wile  of  the  hearl,  and  usnalljr 
lodging  somewhere  in  the  smaller  capillary  region  of  the 
aortic  system.  Not  infreciueiitly  particles  of  recent  eudo- 
oarditie  vegetations  form  tlie  nuclei  of  embolic  thrombi. 

As  in  the  majority  of  cases  these  particles  are  loaded 
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L  bat'teria  that  arc  oaimlilo  of  causing  iDflammatioii, 
nay  rapidly  lead  to  llie  ext^usiuD  of  mycotic 
1  the  body.  Slireda  of  altered  iotima,  toni 
»ay  by  the  destructive  processes  in  the  vascular  wall  in 
/  be  washed  into  the  circulation  and  lodge, 
wrding  to  their  size,  in  vessels  of  varying  caliber.  As 
fc  roughuess  of  the  inner  wall  of  the  vessels  in  atheroma 
arteriosclerosis  freijueDtly  leads  to  tlironibotic  do- 
Bts,  the  daugt'r  of  embolism  in  the  presence  of  these 
Uige»  \n  twofold. 
WA  special  form  of  embolism,  which  is  practically  con- 
Eted  to  vessels  of  the  smallest  ealilHT — that  is,  to  the 
capillaries  of  tlic  larger  circulation — is  wiusctl  by  the 
formation  «if  8<»-<.'alIed/fn;M'jif  Ihnnnhi.  It  has  l>een  stated 
in  connection  with  thrombosis  tliut  wrtain  imisons  effect 
un  increiuse  in  the  fibrin  ferment  by  raiisiiie  gi-e;iler  disin- 
tegration of  the  niorpli'.lotric  ejenirnls  ..f  the  MoimI  ;  lui 
illen-siscd  fomitttiim  of  philelels,  |.nrlieular]y.  may  leii.i  to 
increased  fermentative  iielivity.  This  otenrs  in  cerluin 
vms  nf  poisoning — as,  fur  iustnnue,  with  ctirrosive  snl)- 
late,  arsenic,  phosphorus — and  after  disturbances  that 
Idenly  affect  a  lai^e  part  of  the  blood,  as  evidently 
nrs  in  extensive  burns.  In  such  conditions  it  is  not 
Eeommon  to  find  numiTous  emlK>li  in  the  csipillai^'  re- 
ins of  the  kjdney  and  of  the  brain. 
V  nnm(>er  of  embolic  processes  are  due  to  cells.  eilluT 
mal  constiinents  of  [larenchymatous  organs  or  c<jii- 
Ituents  of  wrtuin  tissues  engaged  in  excessive  pmlifera- 
iis  tumors ;  in  the  fomier  case  the  lerm  paren- 
-  chytnatoas  cell  embolism  is  usccl,  and  varituts  forms 
r.f  (his  vurictv  are  ili-tiiiL'uisbed,  according  to  the  source 
fn.m  wliieb  ll.c  .niU.l'Js  \-^  derived. 

Liri-r-i-elt  EinhaliKm.-  This  lorni  is  either  tmumatJc, 
or  develops  in  connoeliou  with  toxic  and  infectious  dis- 
cuses. Traumatic  liver-cell  eml-olism  follows  eoncu.ssicm. 
wounding,  laceration,  or  eimtnsion  i>f  the  liver  tissue,  but 
il'i  extent  is  not  by  any  means  always  pnijiortionatf  lo 
ibe  severity  of  the  hepatic  lesion;  for  while  verj-  slight 
'— a  qt  tiw  jiTer-aro  <rf^  ioitowed  by  an  eatheoaive 
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^M                                                           PLATE  7- 

^^m              with  BUdiin  111.      -  78.):  1,   Largu  fniiaage-iilmped  iiinftae*  of  fiil  in 
^H               the  pulnioimry  urU-rii* ;  a,  fat  in  tlio  eupillarira  of  th«  olvttoli ;  », 

^H                  Fm.  2.— CardnonutouB  Embolus  In  a  Branch  of  the  Portal 
^H             Vdn  of  the  Liver,  in  Primary  Carcinoma  of  the  Storoacb : 

^H                  1,  Vesael-wuU  ;   'l,  Un:.:  IUtiut  ccUzi ;   'i.  riiLilliiualriir  t r  .-.■ll-. 

^H                  FiQ.  S-Uver-ceUEmbolisminaHepatlcVeiainEclUDiMla 

^H               (HM..flt.-c«.m.      ^  78.)  :  1,  l^l  "f  l""*  vein;  2,  live>oelk  w-ched 
^^1               ill  Bitiun^  the  red  blund-celU. 

^H            flooding  of  the  circulation  with  liver-cells,  embolism  may 
^H            l)e  entirely  absent  after  tlie  most  severe  and  destructive 
^H            injury  to  tbe  organ,  although  life  may  continue  fiir  some 
^H            time.     The  liver-cells  that  have  lieen  torn  fnim  tlieir  seat     * 
^H            between  the  frabeculat  are  found  first  in  the  hepatic  veins,     ' 
^H            wliifh  they  enter  cither  through  the  capillaries  or  by  pasa- 
^H            ing  directly  from  venous  vessels  that  have  been  opened. 
^H            The  characteristic  cuboid  liver-cells,  which  have  suffered 
^H            very  little  change  in  their  outline,  are  then  found  in  the 
^H            midst  oi  the  red  and  white  hltMnl-eells ;  later  they  \m--  aleo 
^H            found  in  the  heart,  in  the  pulmonary  arteries  and  capil- 
^H            iaries,  and  sometimes  in  the  branches  of  the  hepatic  and 
^H            renal  arteries ;  in  llie  two  latter  i-ases  they  have,  of  course, 
^H            lM«n  transported  tlirougli  a  patulous  foramen  ovale  (para- 
^H            (loxic  parenchymatous  cell  embolism).     Many  forms  of 
^H            hepatic    disease,   liver   abscess,   necnttic   foci,   puerperal 
^H            eclampsia,  and   general   diseases  that  lead  to  parenchy- 
^H            matous  changes  in  the  entire  liver,  as,  for  examjile,  eca'r- 
^H            latina,  may  lead  to  the  formation  of  liver-cell  emboli  by 
^H            loosening  the  traljecular  fnimework  (diss«M!iation,  Browica) 
^H            and  by  bringing  alxint  changes  in  the  capillary  vessels. 
^H                  These  cells  never  undergo  ai-tivo  proliferation  ;  they  lie 
^H            (wissive  where  they  have  been  dep<isited.  without  reacting, 
^B            although  occasionally  they  may  form  the  nucleus  for  deuo- 
^H            sitions  from  blood ;  they  may  be  found  unchanged  after 
^^1            weeks  and  months. 
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jilaemtar,  due  to  the  entraTicc  of  giaot-ceU.^  from  llie 
pluccnUi  into  tlie  widely  opened  uterine  veins  and  their 
ImnsLMirtatiou  tliroiig;!^  tlio  right  heart  into  the  pulmonary' 
iapilliiries.  Tiie  cmlxtlua  usually  consists  of  multinuelear 
mattises  derived  from  the  covering  of  the  villi  which  pm- 
ject  into  the  intervillous  spaces.  The  itec-ident  ow^ui-b 
ni'ist  frequently  in  puerperal  eclampsia  and  chorea  gniv- 
danmi,  but  is  occasionally  observeti  in  cases  in  which 
laUtr  and  puerperium  have  been  normal.  These  cells  aim 
are  cnlin'ly  passive.  Whenever  active  piijliferation  hus 
tceu  iiltserved  atler  they  bad  been  carried  into  the  smaller 
vesscia  of  the  lungs  the  cell  was  not  a  normal  placenliir 
wtl,  lint  derived  from  a  tumor  which  hud  its  origin  in  the 
|ila(*nta — liie  w-cailed  cliurio-eiiithelioma. 

A  third  variety  of  endmlisn)  coiiai*ti*  of  (/miil-crfh  from 
■  marrvw  of  hour  [and  of  other  cells  in  the  niarn>\v.^ 
Kd.],  which  are  sonietimc8  washed  into  the  hltHxl-sd'eam 
«nd  alj«  lodge  in  the  first  capillary  system  that  they  enter 
— that  ia  usually  pulmonary,  as  they  are  much  too  large 
to  pass  through  tlie  small  vessels.  The  separation  of 
ihesc  giant-cells  or  of  cells  containing  gigantic  nm-lci 
from  bone-marrow  and  their  passage  through  th«!  thin- 
walled  veins  of  the  marrow  obviously  may  take  jilacc 
without  difficulty,  for  the  cimdttion  often  occurs  after  con- 
cussion of  Ume,  after  o|K'rative  procednres,  and  often  in 
various  acute  discuses  (.WholT),  in  erysipetae,  pneumonia, 
typhoid  and  diphtheria.  [Cells  from  the  spleen  and  the 
lymph-glands  mav  also  form  emboli. — Ed.] 

Ttimar  ce/ln  of^  various  kinds  also  mav  enter  the  vas- 
cular system  and  ihus  be  carried  to  points  considendily 
removed  fnrim  the  tumor.  This  process  represents  the 
ni<wt  imimriani  factor  in  the  formation  of  metastatic 
tumors,  The  fiicnlty  of  entering  the  blood-vesaels  varies 
jfpcatly  in  different  kinds  of  tumors,  and  usually  goes 
nand-in-hand  with  tlie  clitu'cal  conception  of  fwAcalled 
malignancy.  The  entrance  Into  the  circulation  may  l>e 
effected  cither  hy  active  pniliferation  through  the  vessel- 
Walls  or  by  primary  softening  of  certain  portions  rif  the 
imDr  sfid  hy  destractiou  caused  by  hemorrhages.    Thti 
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eigutficance  of  this  kind  of  embulistu  coiisist»  in  the  fs 
that  ill  many  eascH  at  least,  espctiiilly  in  tumors  that  »i 
clinically  l<nowii  a^  malignant,  thi;  separated  tumor  cellsJ 
aft«r  tliey  have  been  washed  into  a  remote  jwrtion  of  thffl 
circulation,  retain  the  power  of  active  and  unlimited  pro- 
liferation of  similar  tumur  cells,  and  a  true  implantation 
of  new  tumor  germs  is  thus  effected,  every  cell  that  is 
cariwl  to  a  ilislunt  portion  of  tiie  IkmI}'  becoming  tlie 
mother  cell  of  a  new  tumor,  the  so-culled  ToeUigiatia  tumor, 
(see  Plate  7,  Fig.  2,  and  Plate  77,  Figs.  I,  2). 

In  cases  of  laceration  and  inflammation  of  the  sul 
tuncous  fatty  tissne,  especially  after  severe  contusion, 
injury  of  the  pelvic  cellular  tissue,  and  of  the  fatty  bone- 
marrow  in  the  <liaphyuis  of  the  long  bones,  particles  of 
the  disintegrated  fat  otlen  enter  the  open  venous  channels 
and  make  their  way  into  the  right  heart  and  from  there 
into  the  pulmonary  capillaries.     Thus  resnlts  the  so-called 
/at-eviboiiifiii.     Depending  on  the  extent  of  the  destruc- 
tion of  tissue,  the  pulmonary'  capillaries  in  fresh  micro- 
scopic flections  are  toiintl  to  be  more  or  less  cxtensivelj 
filled  with  intensely  refractive,  branching,  snusage-shape 
masses,  whicli  on  teasing   sometimes  resolve  thomaelvi 
into  small,  glistening  liit-droplets  (conijwre  Atlas  of  8} 
dni  Pal/toloffk  Histology,  Vol.  I.,  Plat*  35). 

These  masses  of  fat  that  have  been  wedge«l  into 
small  arteries  and  capillaries  may  lie  demonstrated  beaul 
fully  by  fixing  frozen  sections  in  formalin  and  stainii 
with  Sudan  (Plate  7,  Fig.  1).     Sometimes  an  entire  alvi 
Ids  may  lie  surrounded  by  capillary  vessels  tilled  with  fa  , 
which  look  as  if  they  had  been  injected.     Sometimes  the 
occlusion  of  the   pulmonary  vessels  with  fat  may  be  so 
extensive  that  the  interchange  of  gases  on  the  resiiiratoiy 
surfaces  is  diminished  to  the  point  of  shortening^  life,  and 
many  cases  of  sudden  death  aher  slight  injuries,  associated 
with  extensive  contusion  of  fatty  tissue,  may  be  explained 
in  this  way.     Fat-embolism,  however,  doe?  not  necessarily 
imply  a  severe  injury  or  extensive  destruction  of  tissue 
RiblHTt  has  shown  that  it  may  Iw  pHwIuccd  exi)erimentalll 
by  tapping  a  rabbit  two  or  three  times  on  the  tibia  wit 
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b  woodeii   iustnimciit,  by  letting  it  full  to  the  ground 
IChtm  the  height  of  ii  table,  or  by  holding  the  animal  by 
RUie  ears,  and  witbuiit  using  mut^h  force,  letting  it  flwing 
n^nst  u  wall.     It  is  true  that  in  these  easw  the  fatf-em- 
pDoli   are   eorredpoudiugly   smull.      The  fat  may,   under 
oertain  circumstances,  pass  tlirough  the  pulmonary  capil- 
laries, enter  the  leil  heart,  and  be  carried  into  the  capil- 
lary region  of  the  greater  circulation,  where  it  generally 
produces  occlusion  iu  the  domain  of  tiic  coronary  vessels 
of  the  heart,  with  consecutive  degeneration  of  the  myo- 
cardium, or  lodges  in  the  brain  aud  leads  to  the  productiou 
of  multiple  ecchymoses. 

Parasitic  organisms,  especially  bacteria,  may  enter  the 

'rculation  in  such  masses  as  to  occlude  a  limited  vascular 

;  these  are  known  as  baderiai  emboli.     Especially 

so-called    mycotic,    malignant,   or   ulcerative    endn- 

in    which    there   are   extensive   deposition   and 

nultiplication  of  pyogenic   or^nisms  on  the  valves  of 

Buie  heart,  is  a  most  prolific  source  for  the  dissemination 

F  bacteria  throughout  the  entire  body,  a  process  wliicb, 

ving  to  the  pyogenic  action  of  the  Ijacteria  wherever 

ley  are  deposited,  leads  to   multiple  embolic  abscesses 

and  the  clinical  picture  of  seplicopyema.     Owing  to  the 

extremelv  destructive,  toxic  effects  of  the  micro-organisms 

thus  diifuse«l  over  the  entire  boily,  death  usually  occurs 

early^iften  so  early  that  accumulations  of  pus-corpuscles 

Laruund  the  bacteria  at  the  time  of  death   Imve  not  yet 

^ormetl.      In    such    instances    microscopic    examination 

fveals  an  uncomplicated  picture  of  bacterial   embolism 

md  when,  as  usually  is  the  case,  the  bacteria  are  pyogenic 

Dcci,  of  coccal  embolism  (Plate  6,  Fig,  1).    If  the  process 

I  not  generalized  over  the  entire  body  at  the  same  time 

>  that  only  certain  capillary  r^ions — as,  for   instance, 

lat  of  the  heart  muscle — are   affected,  then  eoccus-eni- 

Ktlism  is  aometiraea  followed  by  the  formation  of  nnbolic 

hareggeg.      Masses  of  leukocytes  surroimd  the  embolus 

infiltrate  the  adjoining  tissue.     If  their  growth  is 

ICtive  enough,  the  «icci   mav  penetrate'  the  vessel-walls 

'i  escape   into   the  outer   tissue;  owing  to  the  dense 
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acc-umulattou  of  pus-curpiiscle^  and  tlie  di^inl^rati 
action  of  tlie  pyogenic  uowi,  partial  melting-down  of  the 
tissue  with  tile  lormation  uf  u  pus  cavity  takes  place — 
embolic  iibBuess.  Aibn  tlie  dcatli  of  tlie  micro-organisms 
tlic  embolic  abiicess  may  beal  if  the  process  is  limited. 
In  the  heart  muscle,  especially,  where  embolic  absceeaea 
lire  quite  oomnidU  iu  acute  eaducarditis,  they  Ibrm  one  of" 
the  oommon  sourceti  of  cicatrices  and  indurations  of  tl 
myocardium,  as  described  at  length  in  Vol,  1.  A  typical 
occurrence  is  the  accumulation,  by  u  process  of  filtration, 
of  the  micro-oi^iismB  circulating  iu  the  body  in  large 
plugs  or  sausage-shaped  masses  in  the  narrow  capillaries 
of  the  kidneys  and  in  theglumeruli,  where  in  nuny  cat 
of  pyema  the  vessels  are  sometimes  absolutely  injected, 
it  were,  wilh  micruHji^nisms.  \n  the  liver  also,  aft«r 
fectiou  uf  the  nuvcl  (purulent  omphiditis)  in  the  newboi 
as  well  as  in  animals,  pure  coccus-cmboli  are  observi 
iMvasiooally,  as  also  in  destructive  mycotic  | 
the  region  of  the  portal  vein.  If  life  is  sufficiently  pro-' 
longed,  the  emboli  in  these  cases  also  lead  to  the  formation 
of  abscesses,  and  if  the  latter  have  their  origin  in  embolic 
thrombi,  the  condition  is  described  as  pylctliniralmphlebitis. 
It  is  almost  needless  to  say  that  other  micro-organisms 
besides  pyogenic  cocci,  sncli  as  tnlwrcle  liaciili,  the  bacillus 
of  anthrax  and  of  the  plague,  may  al.*)  lead  to  the  forma- 
tion of  emboli. 

Finally,  a  form  of  emb<ilism  should  be  mentione<I  which 
is  due  to  the  invasion  of  the  bW»d-current  by  so-calleil 
exogenoas  pirpnenfs  (see  under  Pigments).     In  the  lungs, 
especially,  a  deposition  of  dust  particles   in   the   imme- 
diate neighborhood  of  minute   blood-veasels  often  tukcs 
place.     These  particles  muy  be  carried  bv  the  migrating 
cells  til  the  intima  of  the  vissel  and  even  into  the  himea, 
whence  they  may  \>e  carried  furtJier  along  with  the  bli 
curi-ent  and  thus  lead  to  the  metastatic  dejmsition  of  pij 
ment  in  remote  organs,  as  llie  spleen  and  kidneys, 
senile  individuals  tliese  organs  sometimes  present  quite 
well-marketl   aiuhraei>sis.     This  pigtnent  may,  howev 
enter  the  circnlatiuD  by  other  channels,  especially 
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direct  rupture  of  I'lilargod  lymjih-glunds,  overloaded  with  1 
{tigmeiil  und  the  seat  of  clirutiie  iuDummution,  n  pruci-sa  I 
wliieh  is  not  at  uU  uiieommuii,  e^fHtriaily  in  ca^c  of  tlie  1 

fieribroDchial  glands  at  tlie  hitus  of  tiiL'  lungs,  and  wliicli  I 
ea<ls   to   moR'  or  loss    exteiisivo  flooding  of  tlif   LUhmI- 
ehannels  with  pigint-nt  (isec  \v\.  I.,  lAmjili-Gliuids.) 

INFARCT. 

It  lias  already  l>een  stated  that  the  effect  of  complete  I 
interruption  of  the  blotxl-aupply  on  the  tissue  is  fledig-  I 
nutcd  infarction.     By  this  term  is  underetood  the  visible  ' 
effect  UD  a  detiuite  portion  of  tissue  of  cutting  off  the 
blood-snpply.     This  in,  of  course,  sidiject  to  extraordinary 
variatious,  the  gravity  of  the  resuh  depending  on  the  in- 
dividual tissue  and  the  arrangetnent  ot'  the  blood-BUpply    i 
of  the  corresponding  otgan  or  sectjou  of  an  oi^n.     If  ■ 
ooUateral  circulation  in  well  devel(:>pe<I  in  n  certain  organ,  | 
the  effect  of  (Mxlusion  of  a  wngle  arterial  trunk  is  readily 
overcome,  as  the  part  which  uas  been  cut  off  at  once 
■receives  a  sufficient   nutrient   supply  from    tlie   existing 
lateral  brsnchcs  of  the  occluded  vessel.     As  a  Blatter  of 
fact,  it  is  not  uncommon  at  autopsies  to  find  in  organs 
with  well-<leveloped  collatcnil  branches  more  or  less  ex- 
tensive thrombosis  or  embolism  without  any  visible  effect 
on  the  tissue  concerned, — as,  titr  example,  in  the  larynx, 
wliere  even  a  large  arterial   trunk  may  be  occluded  by 
an   embolus   without    lending   to   infarction.      In   other 
oi^ns  the  injurious  effect  of  interrupting  the  supply  of 
nutrient  material  by  occlusion  o(  an  arterial   branch  at 
once  becomes  apparent,  the  corresponding  tissue  tailing  a 
prev  to  local  death  or  necrosis.     This  is  peculiarly  the 
case  in  oi^ns  or  parts  of  organs  provided  with  so-called 
end-arteries,  in  the  sense  in  which  the  term  was  used  by 
Cohnheim — i.e.,  with  arteries  which  give  off  no  «mnect- 
ing  branches  or  collaterals   before   they  break   up   into 
capillaries.     \A'hen  an  end-artery  becomes  occluded,  the 
nutrient  supply  to  the  corresponding  tissue  is  completely 
flttt  off  whI  we  leeulliug  oecsH^sis  tuauifests  itself  first  ia. 
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^V  an  increased  cunsistence,  a  slight  increaw  of  volume,  and  | 
^  extrawixliuary  piillor  as  oomparwl  with  the  &111' rounding  1 
tissue.  As  the  region  supplied  by  au  end-arU'iy  is  usually  I 
triangular  or  pyramidal  in  shai>e,  the  resulting  infarct  also  I 
presents  that  t'orni,  the  emboluri  which  oc^eludes  the  eor-  j 
responding  artory  Wing  found  at  the  apex  of  the  pyramid, 
while  the  Iwse  usually  presents  toward  the  surface  of  the  I 
organ.  The  minute  processes  that  take  plaee  in  the  cells  1 
and  in  the  intercellular  snhstJiuce  of  the  infarct  will  be  I 
discuaseil  more  in  detail  in  connection  with  nei.>rosis;  for  I 
the  present  it  will  suffice  to  mention  that  the  visible  alter- 1 
ations  depend  upon  coagulation  of  the  fluid  cell-albumin,  I 
and  that  the  process  is,  therefore,  designateil  coarpihUion  I 
necrosis.  I 

When  formation  of  infarct  after  embolism  is  Ktndied  under  I 
the  microscope, — as,  for  example,  in  the  frog's  tongue  after  | 
the  introduction  of  small  TOrpiiseulur  elements  into  the  j 
circulation,— the  first  ebange  nottnl  on  the  proximal  side  of  I 
the  emiiolus  in  the  alTeront  artery,  us  well  as  on  the  distal  I 
side  in  the  capillaries  and  the  corresponding  vein,  is  sUuut  1 
or  arrest  of  the  blood  column.     As  a  rule,  the  artery  i»  I 
collapsed  behind  the  plug  and  up  to  the  point  where  it  I 
breaks  up  into  capillaries,  but  beyond  that  point  move-  1 
ment  in  the  blood  is  seen  in  the  vessels  of  the  infurct^-d  | 
region,  but  in   the  opposite  direction,  fresh  bloixl  lieing  ] 
poured  in  i-entrifugally  from  the  vein  ;  the  blood  muy  flow  J 
through  the  entire  capillary  region  as  far  as  the  artery, 
and  sometimes  as  far  as  the  occluding  plug.     As,  how- 
ever, the  embolus  is  a  permanent  nlwtacle  tu  thi-  reestab-   . 
lishment  of  the  circulation,  and  as  the  I)W>d-vessels  of  the 
infarct,  being  already  daniage<l,  are  unable  to  offer  sufficient 
resistance  t«  the  blood-pressnre,  extensive  tliapfrUvle  0/ 
Tfd  b/ood-ce/U  soon   takes  ]tlace,  the  elements  en^wdinej 
through  the  cement  substance   between    the   endothelial! 
cells  in  great  numbers  [see  Diap<Hle8is),  and  forcing  their^ 
way  into  the  surrounding  tissue,  which  is  already  necrotic.  I 
This  emigration  of  red  blood-cells  may  lie  so  great  that! 
the  necrotic  tissue  eventually  becomes  packed  with  then),.i 
and  the  originally  colorless  or  white  anemic  infarct  is  con-f 


verted  into  a  dark-rf^I,  hemorrhagic  infarct.  But  thial 
backward  flow  of  blood  from  the  vein  docs  not  necessarily  ■ 
occur  in  cverj-  case.  The  infarct  may  remain  perma- 
nently anemic,  and,  tberefore,  pale  in  «)lor,  or  the  hemor- 
rhage by  diapcdesia  may  be  limited  to  the  ]>eripheral 
vessels  of  the  infarct,  and  there  results  an  anemic  mfarct 
with  a  ht>niorrhagic  marginal  zone — the  commonest  effi: 
of  occlusion  of  an  end-artery.  It  is  [wssible,  also,  fi 
partii  of  oi^ns  which  are  supplied  with  a  well-developed 
collateral  circulation  to  undergo  infarction,  especially  in 
the  case  of  circulatory  abnormality.  In  such  cases,  how- 
ever, there  is  always  a  subsequent  reestablish  m en t  of  cir- 
culation in  the  infarcted  area,  and  if  this  occurs  early 
enough,  the  tissue  may  escape  necrosis.  But  if  damage 
to  the  vessel-wall  within  the  affected  tissue  has  already 
taken  place,  then  the  vessels  may  be  unable  to  resist  the 
pressure,  just  as  in  the  case  of  backward  flow  from  veins ; 
the  constituents  of  the  blood  pa.ss  tjirough  between  the 
gaping  endothelial  cells  as  through  a  sieve,  and  enter  the 
ti^ue,  again  resulting  in  the  formation  of  a  hemorrh^ic 
in&rct.  It  follows,  therefore,  from  what  has  been  said, 
that  the  presence  of  a  hemorrhagic  infarct  does  not  neocs- 
sarily  imply  Ihe  existence  of  collaterals  in  the  correspond- J 
ing  region.  m 

>V'ithin  the  iufanrt  the  blood  which  is  stagnating  in  thel 
vessels,  as  well  as  that  which  has  extravasated  more  or 
less  densely  info  the  necrotic  tissue,  undergoes  coagulation. 
If  the  coi^ilalion  is  confined  mostly  to  the  vessels,  ex- 
tensive, delicate,  and  reticular  fibrin  thn>mbi  are  some- 
times formed,  so  that  with  a  suitable  stain  the  tissue  ap- 
pears as  though  injected.  The  entire  infarct,  whether  it 
oe  hemorrhagic  or  not,  being  dead  tissue,  acts  like  a 
foreign  body  and  dissolves  particles  of  tissue  carried  into 
the  surrounding  r^ions  by  the  plasma,  and  produces  in- 
flammatory olianges.  The  effect  of  this  inflammatory 
irritation  soon  appears  in  the  formation  of  a  thick  wall  of 
leuko<^j-tea  with  fnigmented  nuclei,  which  surround  the 
necrotic  focus  im  all  sides  and  even  penetrate  to  a  certain 
l.jqhgrtb.     Tbb  ipliltration  with  lenfcooytefl)  hoffever,  is 
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unly  a   tfiniioriiry    pliciionieiion ;    the   wliitc    IjUkhI  wlla  I 
themselves   nave  no   special    imiHirt  on    the   8iibtie<iueiit  3 
processes;  above  al],   bocimse   tliey   arc   not  ra]«ible  of  | 
forming  new  tissue  ami  are  only  llie  prtfiirsors  of  a  new 
cell- form  at  ion,  which   grows  into  the  infanrt   unifoniily 
from  all  dire«.>tions  in  the  shupc  of  a  coherent,  cmbryonnl, 
extremely  vascular  connective  tissue,  the  so-cjilled  granu- 
lation tisHUe>  which  gradually  jwnetrateH  cverj-  portion  of 
the  infarct,  and  ultimately  displaces  it  as  fast  as  the  ncerotio 
material  undergoes  wlution  and  absorption. 

Here,  as  everywhere  else  in  the  body,  the  removal  of 
necrotic  masses  af^er  liH;al  death  docs  not  result  in  a  gap, 
— the  so-called  reparative  tissue, — which,  although  it  ia 
not  equi\alent  in  functional  [wwcr  to  the  original  tissue 
of  the  organ,  at  least,  so  far  as  the  volume  is  concerned, 
compensates  for  the  loss.  In  the  same  way  as  has  been 
described  in  connection  with  the  organization  of  tlirombt 
the  surrounding  tissue  sends  sprouting  buds  of  young, 
spindle-shaped,  and  iwlygonal  connc-ctive-tissiie  cells,  ricn 
in  protoplasm  (fibroblasts),  and  of  spheric,  migratory  cells 
with  darker  nuclei,  into  the  siraces  left  by  the  absorption 
of  the  necrotic  tissue;  the  vessels  iiut  out  pointed,  and  at 
first  solid,  branching,  endothelial  plugs,  which,  as  the  cells 
gnidually  sepnnite,  be<'omc  filled  witli  blood ;  ultimately 
the  entire  infarct  is  peneinited  with  this  granulation 
tissue.  The  active  cell  multiplication  is  readily  recc^nized 
by  the  abundance  of  mitotic  figures  in  the  endothelium 
and  in  the  young  couneclive-tissue  cells.  This  newly 
formed  tissue  is  extremely  rich  in  cells  and  succulent, 
from  the  abundance  of  pMtoplasm  in  the  individual 
elements;  it  is  soft,  and  traversed  by  numerous,  thin- 
walled  vessels  distended  with  blood ;  it  not  (mly  fills  the 
gap,  but  during  its  early  stages  even  pmje<'ttt  beyond  the 
level  of  the  surrounding  tissue.  When  a  hemorrliagic 
infarct  undei^ioesorepnization,  the  extravasated  ntd  blood- 
cells,  of  course,  undei^  all  the  processes  that  ultimately 
lead  to  pigmentiiry  metamorphosis  and  which  have  been 
described  in  the  section  on  Hemorrhage.  For  some  time 
after  the  formatiou  of  the  infarct  pigment  fragments  of  a 


bnwniflli  color  may  be  net-n,  l«)lh  in  the  invading  granula- 
tion tissue  and  in  the  surruuiiding  tissues,  jmrtly  witliin 
the  cells  and  partly  I'ree,  Sometimes  tlie  boundary'  zone 
is  iHicupied  bv  a  di'nse  ring  of  bloo<l -pigment.  Bui  this 
young,  siiwulent  granulation  tissue  also  merely  rL-preseutH 
a  temporary  stage :  as  a  result  of  the  fiirniation  of  tibrilx, 
oontrnction  of  tbo  protoplasmic  fibroblasts  and  their  uucici 
into  delicate,  spimlk-sliaped  cells,  and  obliteration  of  tlie 
numeruus  wide  bloml-vessels,  it  graduaUy  uliangea  more 
and  more  into  a  dense  fibrous  connective  tiasue  coutaining 
but  few  ccUb,  which  ultimately  assumes  the  character  of 
cicatricial  tissuo,  ami,  owing  to  increasing  conlractifm,  it  is 
^[raduallv  depressed  more  and  more  below  the  level  of  the 
Nirrounding  tiNsiic,  so  that  nltimat<:'ly  nothing  hnt  a 
retractt-d,  funnel-shaped  scar,  with  a  tiiin  fibrous  layer, 
betrays  the  site  of  the  original  infarct.  As  in  the  case  of 
thrombi,  a  Ket^mtlary  deposition  of  lime  sidts  may  take 
place  in  the  cicatricial  tissue,  converting  it  into  an 
extremely  hard  mass. 

If  the  embolus  which  caused  the  infarct  contained 
micro-organisms,  the  purely  physical  effect  is  from  ihe 
b(«inning  associated  with  the  specific  activity  of  ihe 
micro-organisms  in  question ;  the  leukocytes  in  such  a 
case  often  accumulate  in  such  numbers  that  the  tissue 
melts  down,  thus  fiirming  an  embolic  abscess,  which  haa 
been  fully  described  in  the  foregoing.  Such  emtwlic 
Btiscesscs,  as  has  been  remarked,  are  also  capable  of  heal- 
ing under  certain  conditions — *'.  e.,  regenerative  processes 
take  pUcc  and  ultimately  result  in  the  formation  of  a 
scar. 

Infarcts  in  the  cminil  neifoiis  gi/sfnn  occupy  a  special 
|Hisition.  Implead  of  undei^jtting  firm  coagulation,  which 
cannot  take  plaw  on  account  of  the  jwculiar  chemic  com- 
ptisition  of  nerve  substance,  the  tissue  rapidly  melts  dowi 
(colliqnation).  The  necrotic  tissue  is  converted  into  i 
aemiflaid  mass  ortLsIstlng  of  myelin  and  fat-droplets,  ami 
the  r^qn  supplieil  by  the  obwlructod  vessel  is  occupied 
by  a  f(»cns  of  softening  (fiicephalomalacia).  The  myelin 
and  fat-druplcts  arc  rapidly  taken  up  by  migrating,  con- 
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Inictilf  ct'lls,  which  may  be  «)mpli'lely  loiiiled  v 
lets,  being  llicn  known  u^"gRintile  cells."  These  t 
eilec-t  ubisorption  uf  the  iiecrulic  materia  in  thut  they 
wandtT  back  into  the  Iyniph-i:lianiiek  and  convey  the 
ma^»!s  uf  dctritiui  to  tlie  lyuiph-elreani,  in  which  they  are 
cjirried  off.  Afler  a  time  the  softened  mass  of  nerve 
gnbslJiiiee  may  be  partially  or  even  totally  removed,  and 
at  the  same  time  gr.imiiatlon  tissue  grows  in  from  the  siir- 
niunding  tissue,  as  iu  the  case  of  a  solid  infarct.  The 
granulation  tissue  either  occupies  the  entire  focus  of  soft- 
ening and  results  in  a  solid  scar,  or  a  coDnective-tissue 
capsule  gradually  grows  around  the  focus  and  the  remains 
of  softened  tissue  within  this  capsule,  becoming  mixed 
with  fat  and  granule  cells,  take  on  a  milky  appearance, 
or  a  turbid  brownish  fluid  results  from  the  admixture  of 
bloi)d.     This  structure  is  known  as  a  cyst. 


II.  ATROPMV. 

The  term  attvjpliy  is  applictl  to  ihi^  ilimimitioii  in  tlic 
'  voluruf  ijf  au  organ  witlioiil  cliiitiirbuiitr  of  il6  eliemic 
oompositiou  and  striicturo,  tlie  latter,  at  leawt,  being  in  the 
main  preserved.  Atrophy,  therefore,  diBtinctly  differs 
from   df^nerative   processes,   whieh  are   always  acconi- 

Ismnied  by  profound  changes  in  the  pliysii?al  and  chemio 
imposition  of  ti»4ue.  Atrophy  may  oonsiflt  either  of 
B  reduction  in  the  size  of  tht-  ck-menti  of  the  organ  or  in 
Ift  rethieliou  of  tlieir  number.  The  latter  variety  is  also 
designate*]  iiumerii.'  atroplii/. 
A  distinction  is  often  made  iM?tween  adhe  atrophy,  whieh 
Is  due  to  inability  on  the  part  of  the  cells  to  assimilate  tlie 
nutrient  material,  and  pamiee  atrophy,  in  which  the  dis- 
nppearance  of  the  tissue  is  due  to  u  deficiency  in  tlie 
amount  of  nutrient  material  supplied  to  the  cells.     Jn 

I  many  cases  a  eonibinnlion  of  the  two  processes  is  at  worit, 
ami  it  is  nftcu  impuK^ible   to  determine  from   the  final 
^otluct  in  what  manner  the  atrophy  has  taken  plac^^ 
'    Many  tissues  of  the  body  are  ccjustantly  used  U|)  in  the 
vital  pmeesseti.     Some  material  is  nuetl  up,  either  by  being 
^bl)ed  off  or  disseminated,  as  on  the  skin  and   many 
mucous  raembrnnes,  or  the  protoplasm  of  the  ci^lls  bn^ks 
down  and  is  utilized  fur  the  ibrmation  of  special  secretions. 
In  all  these  ca-sca  the  cells  are  replaced  by  a  procpss  of 
physiologic  n'generation  of  the  cellular  constituents  that 
I  nave  been  nwifl  up.     It  is  needless  to  aay,  however,  that 
power  of  regeneration  and  proliferation  of  new  cells 
ible  of  ftinotiiin   is   not  unlimited;   a  stage  may  Ik- 
siched  in  which  regencrntion  is  defective  and  ultimately 
•ases  entirely,  either  in  JTiilivichisil  fn'giuis  or  in  the  entire 
ody.     This  condition  is  alw.  pliysiologic  and  is  undonbt- 
idly  connectc"!  with   the  senile  |ihenomena  in   the  body. 
Ijt  IS  also  obvious  that  the  inability  to  priMluce  new  cells 
1  the  individual  organs  is  n()t  lost  suddenly,  nor  is  such 
i  at  once  followiid  by  a  loss  ol'  fuuetion  in  the  cor- 


PLATE  8. 
Fki.  I— Exlreme  Atrophy  of  LIvefcells  In  Congestload 

the  UVW  iSUiiln-d  uftur  RiKiiuiinwsk;'  witli   iiitlhjlo lie. blue, 
X  flfi.) ;   t,  CV'ntrul  vein ;  Si,  intact  liviT  tiuaa  in  thi-  pvripbemi  i> 
of  the  kdni ;  a,  grraitly  diliil«l  oupilliiriwt  uf  tJiu  portal  v 
liitod  remainB  of  liver^ri'll  cunia  bclwiM-ii  tlio  cttpillitrioi. 

Fio.  2.— Atrophy  Irom  Disuse  of  a  Muscle  In  m  Ampi 
tlOB  Stump  of  the  Thigh  |ile»mt.      x   280.):  1,  Appraxi 
iioriTiBl  iniisfle  AIhts,  shciwiiig  iiu'ri'iHL'  in  the  iiufki  uf  llie  tunulQinsifl 
2,   grcall;   nttenuNtiid    inum.'k'-liliera;    3,   spindlu-thapL-d    attantud^ 

resjwnding  ui^ne ;  it  iK'frays  itself  rather  in  a  gradiialtl 
reJuction  nf  vital  plicuomeiia,  frcqueutly  associated  with 
shrinking  of  tlie  corresponding  parts  of  the  body,  and 
tliiH  pruc4»»,  to  which  Dinrly  all  the  tissues  of  the  txKly 
may  be  subject,  is  known  as  senile,  airopky.  As  it  always 
occurs  in  advanced  age,  and  is,  therefore,  physiolnjjic,  it 
does  not,  strictly  speaking,  belong  to  the  domain  of  patho- 
logic processes;  but  under  cerlain  circumstances  it  may 
make  its  appearance  prematurely  in  individual  oipina  or 
in  the  entire  body.  Under  the  influence  of  morbid  changes 
in  special  organs  it  may  occur  in  other  organs  or  |>art«  of 
organs,  and  for  these  reasons  it  may  possess  a  decided 
pathologic  importance.  Senile  atrophy  in  part  depends 
on  actual  physical  wearing-out  of  the  corresponding  tissue 
elements  ;  thus,  for  example,  the  elastic  fibers  in  the  skin^.i 
the  lungs,  and  the  vessels  in  course  of  time  become  v 
out  and  flabby  from  the  loss  of  elasticity,  in  the  same  way^ 
as  a  worn-out  rubber  band. 

In  part  senile  changes  also  depen<l  on  defective  nutp 
tion  of  the  tissue,  owing  to  changes  in  the  blood-\ 
which  occur  almost  regularly  with  advanced  age.andthea 
changes  again  are  Itased  on  the  physiologic  wearing-out 
just  mentioned. 

Deficient  nutrition  is  also  followed  by  iusufficient  re- 
generation of  ( 
which  subserve 

,     ,  ,    ,■  manifests  i 

tlie  skin  by  a  thin 


atrophy 

epidermis,  the  layers  of  ti 


-r 


ATROPUy 


51 


stratum  nuicoaiJtii  L-siM'ciiilly  ln-ing  (Hininisliitl  in  unnilHr; 
the  wlls  uinR-ar  smaller,  the  pa|iill:in.-  Uxly  is  low  and   , 
flattcuetl,  tlie  coriiim  in  maiiy  Mlacc;-  is  tliiii,  and  ite  elaslio  i 
elemcnU   liavu  disjim>tared,  tlif  iiiilividuul  I'lostic  fibers  - 
being  r^ometimi's  brolifn  up  into  tJmrt  pifcws. 

S^ile   ittniphy   shows   itself    conspicuously   in    many  i 
gluidti.     In  the  sexual  gknda  pliysiologlo  utropliy  takes 
'place  iiormidly  after  the  cc*<atioii  oi'  the  regular  M-ximl  , 
function.     In  the  ovaries  the  Graafian  follicles  contract, 
.'Ovulation  ceases,  the  tunica  alhuginea  becomes  thick,  and 
jtfrrai)  a  dense,  tough  envelop  of  conneclive  tissue,  which 
surrounds  the  entire  organ.     From  the  latter,  as  well  ua 
'i'mra  the  uor|wira  fibrotiu  and  the  interstitial  tissue,  an   , 
active  new  formation  of  connective  tissue  takes  place  which 
i«  followed  hy  progresisive  cicatricial  contraction,  so  that  the 
entire  organ  ultimately  is  converted  into  a  small   hard   ] 
tody,   consisting   ohieHv   of  connective   tissue.      In   the 
inale  Hcxnal   glands    the  eonnective-tissuo   formation   is   i 

rio  prominent  a  Ikiture  of  senile  atwipiiy.  Spermato- 
»'nesis  ceases,  tlie  epithelium  of  the  si'minal  duets  is 
lower  tlian  normal,  and  in  many  cases  a  deposition  of  an 
bnndant  bn>wnish  pigment  is  seen.  The  suiiroundinp 
connective  tissue  is  increased,  and  there  are  often  found 
larger  or  smaller  groups  of  epithelioid  cells — ^the  so-called 
*' interstitial  cells"  (ZwisehenKcllen)  (see  Speciiil  Palh- 
oloffiB  Hiftalo'iy,  Vol.  II.).    With  advancing  age  the  lym- 

Shatic  apparatus  and  the  spleen  shrink  in  volume,  with 
ecrcasc  in  the  wllular  constituents,  Ijecause  llie  regi'upra- 
tion  of  blnod  and  lymph  is  diminisheil  and  the  demand  on 
the  activity  of  thene  orgjuis  accord iiii^ly  is  much  lessened 
{see  Atniphy  from  Disuse).  Ibrc  :d.-i',  es[>ecially  in  the 
fipleen,  an  abundant  dep<isiiioti  of  pifrtncnt  tnkes  place  in 
the  form  of  large  ucoumulatiims  of  hmwuish  fragments 
wmttcred  through  the  tissue,  and  this  iirobnbly  bears  si>me  | 
relation  to  the  incn'nse<l  destruction  of  red  blood-eelle. 

The  heart,  llie  liver,  the  kidnevs,  and  the  central 
nervous  system  also  undergo  senile  atrophy  in  advance*! 
age,  and  a  similar  process  takes  [dace  as  the  result  of  a 


tauficle  fibere  I>€««niP  atU^ualcd  ;  tbn  fibern  Sdim'tiuii^  3i>- 
gitar  to  be  nnly  balf  a»  broad  as  in  ibt'  uumial  urgaii ;  tlip 
tmnfiveree  Htnalion  ih  preserved  in  llie  su[>erfi(^ial  |K)rtioii, 
while  the  central  [wtrtion  of  ibe  fiella,  on  ibe  other  liai 
h  obJiUTatcd  by  the  (leposition  of  large  spindle-sbaji 
maiuws  of  fine,  granular,  brown ish-yellow  pi^uent  (&» 
atrophy  »/  Uit  heiiri  muscle).  The  origin  "f  ibir.  pigiDentj' 
which  is  seen  in  eti  many  atruiihic  organs,  baH  not.  yet 
been  satiefaclonly  explained.  In  part  il  apjienrs  to  be 
<)ui-  lu  an  incren^^  di&integmiion  uf  red  blond-eellit 
jwrt  also  to  niclaijolie  aetivitv  of  the  cell  protopWm  ii 
(see  undirr  Pigment).  In  the  heart  the  proccs.'i  is  c 
associated  with  swelling  and  loosening  of  the  cement 
stiintw  [whieli  beei>nies  visible. — Kd.],  causing  inerr 
friiLbility  of  the  niu^lc.  The  liver  pn-sents  a  diminution 
in  the  Bine  of  the  acini,  caused  cliieily  by  dieapjveoranee 
of  the  cell  Inibeeulie  in  the  central  portions,  accompanied 
with  deposition  of  brownish  pigment-granules,  lu  a 
transverse  section  of  n  certain  size  more  acini  are  found 
tinm  would  ocxnipy  the  same  space  in  a  normal  section. 
The  livpr-*vlls  nearest  the  central  veins  arc  diminished 
all  their  dinuictcrs. 

In  the  central  ner\'ou»  system  the  atn)pliy  is  found, 
niicroscopio  examination,  to  lie  most  markeil  in  the  neui 
rylm,  which  are  diminished  in  all  their  diameters 
often  reducpil  tii  narrow,  spindli;--sli!ipc<l  corpuscles;  Nisal' 
granulations  are  diminished ;  luid  brownish,  or  evi 
brownish-black,  pigment  is  often  Ibund.  In  the  fal 
tiwue  and  in  the  Unies  senile  atrophy  reveals  itself 
very  definite  histoli^ie  processes.  In  adipose  tissue  (i 
Fig.  II.)  the  individual  fat-colls  are  gR'ntlv  reduced  in 
siz«  ami  Iimsened  Jn  cohesion.  The  fat-cell,  iuBtead  of 
lioing  a  spheric  structure  with  a  lai^  fatnlrop  oeonpying 
almost  the  entire  cell  with  but  a  narn)W  protoplasmic  bodv 
and  a  crescentie  nucleus,  is  «>iivcrted  into  a  polyg« 
and  in  advanee<i  cases  spiiidlc-shafntl,  structure,  con' 
ing  in  its  nroloplasm  several  fut-dmplets  of  vatiouB  sii 
which,  talscn  allogetlier,  fall  very  much  short  of 
norma).     JndividuiU  cells  may  be  entirely  free  from 
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■tnd  appesir  rathor  uh  narrow  spindltwclls.  The  fibroua 
■eutistimw  under  sucli  circiimstanpcs  bwomes  very  distiuct, 
Band  tlie  gaps  formed  by  the  disappoaraDW!  of  the  fat-<!t"lls 
are  oftou  tilled  in  with  a  watery  or  thin  mncoid  fluid, 
'giving  tlie  fat  tissue  a  flabby,  gelatinous  a]tpearance.  In 
the  contracted  fat-c-clls,  as  well  as  iu  the  connective  tisane, 
biwviiiHli  granules  of  pigment  frequently  occur,  and  iu  the 
connective  tissue,  owing  in  the  disnitegiittion  of  individual 

t cells,  there  may  bo  small,  free  fat-droplets.  The  beat 
Specimens  of  this  atpoiihy  of  fatty  tissue  are  found  in  the 
Subiiericanlial  fat  in  obi  persons  or  cachectic  Individuals, 
with  simuttuncous  and  advanceil  atrophy  of  the  heart. 

In  advanced  age  the  skeletal  aystem  usually  undei^oea 
marked  atrophy ;  certain  portions  of  bonea  dJHJipjjear 
altc^ther  and  are  disposed  of  by  the  activity  of  absorbing 
cells,  as,  for  example,  the  alveolar  processes  in  tlie  Dgfo 
after  loss  of  the  teeth.  The  long  \wnc9  also,  as  well  as 
tlie  spongy  and  flat  Ixmes,  siifl'cr  a  diminution  of  their 
substance,  and  the  loss  in  volume  and  weight  in  these 
|iart8  is  of^n  astonishing.  In  the  long  bones,  for  ex- 
unpte,  the  com|)act  onrtical  layer  becomes  ])rogressivoly 
lihinner,  the  inner  surface  is  covered  bv  large  miiltinucloar 
iells  derived  from  the  marrow  (osteoclasts),  and  the  bonr^ 
wbstanoe  in  these  places  is  eroded,  leading  to  tlie  fomia- 
ition  of  pit-like  depressions  (Howshi])'s  lacunie)  which 
Btcr  coalesce  and  thus  lead  to  progressive  thinning  of  the 
pony  lamclliB.  The  medullary  spaces  consequently  increase 
RD  size  (eccentric  atrophy).  IJiBa)tpearance  of  the  trabeculie 
m  the  spongy  bone-substance  also  takes  place  from  the 
Ictivity  of  osteoclasis  and  the  formation  of  lacune.  This 
proocKs  may  reach  such  a  point  in  the  ribs,  for  instance, 
^at  the  cortical  layer  is  re<lnced  to  a  fine  lamella  not 
Biuch  thicker  than  paper  and  very  brittle,  and  the  trabecnlie 
Bn  the  9jK)ngy  substance'  of  the  dilatetl  medullary  ca\'ity 
W*  convertecl  into  delicate,  widely  separatet!  ridges  (Plate 

Atrophy  nf  a  tissnc  is  often  csuiscd  by  long-continued 
T«!3ure,  a  condition  which  is  di-signatcd  premture  atrophy. 
\  ttu#  it>nii  vXm  oomplicated  melting-down  pn 
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PLATE  9. 
Pm.  1.— Senile  Atrophy  of  m  Rib  (Aluiu-(KX'hiiie»l ;  Bleu  de 
I   Lycm.      •.   40):    1,   (irviill;   narriiwod   curticul   lumtrtln;   2.   rurcHed 
'   IniW'ulni  in   tliL-  t-puiigy  tulifWiice;  3,   periiwteuin;  4,  holes  iu   tlic 
mmiw-I'm  :  r,,  nouurmilntions  of  aiarrow-t-iill.. 

Fio  2.— Atrophy  of  Urlnlferous  Tubules  la  the  Kidneys  In 
Arterioaclerosls  (  >  170):  I,  Uriuifepous  tuliults..rn..riiml  width  ; 
^,  incruuvd  i[it<ir»tiUul  coniuvtivc  lisauc,  with  rumid-oell  iuOilmLinn  ; 
8,  (wmpreesod,  oxlrtmi-lj-  ilniiihir  uriniri'r<iiiH  luliulis;  4,  gUmiwfuli, 
Cir  the  tnuit  pnrt  ubtitvnktcd  Hiid  uiiiv«rted  ii 


as,  for  iostance,  iu  Iwue — oft^iu  take  pliwx^j  or  tlie  iitropliy 
.merely  rfprcweiiU*  a  dimiiiiition  in  the  volume  and  a  ciiii- 
tractiiin  tit  the  imiivitlual  elements.  The  essential  jiari'n- 
diyniatous  ]Mjrtit>ns  iiiiually  arrange  themBelves  in  a  layer 
Iving  parallel  to  tlie  surface  uf  the  compressing  body — as, 
iitr  example,  wlien  au  ccliinuooceus  cyst  develops  in  tlie 
liver  iinil  causes  atrophy  in  the  surrounding  liver  ti»Hue, 
and  in  the  amstricfion,  cans«l  by  tight  lacing,  whifh  is 
most  marked  in  the  right  lobe  of  tlie  liver  f"  liver  of 
lacing," — Ed.].  In  chronic  pas,sive  e<ingeslion  tdmomiully 
distended  blood-vessels  may  cause  ci  impression  of  paren- 
chymatous portions,  and  if  the  compression  lasts  '""B 
enongh,  the  organ  may  undergo  general  atrophy.  This  is 
seen,  fur  instanee,  regularly  in  chronic  congestion  of  llie 
liver  (I'lat«  8,  Fig.  1),  in  which  the  central  iMtrtioiis  of 
the  acini  are  abnormally  distended  for  a  considerable 
period  of  time  l>y  the  overloading  of  the  central  velni* 
and  lite  oont.ignons  portions  of  the  capillaries  of  the  portal 
veins.  The  dilateti  blood-vessels  compress  the  cords  of 
liver-eells  lying  between  Ihctn,  the  liiller  beei.ime  narrower 
and  narrower,  and  ultimately  suffer  a  solinion  of  eon- 
tiuuity  or  even  complete  dissolution,  no  tlial  on  histologic 
examination  the  central  acini  nppear  locouKist  ol"  cavernous 
blood -spaces,  in  which  are  seen  at  most  only  a  few  scat- 
tered liver-i.-ells. 

Shrinking  of  the  essential  eonstitiients  of  oi^ns  from 

round-cell  accumulation   in  chronic  inflammaton.-  condi- 

alfio  furnishes  a  giMxl  example  of  prci^sui'e  atniphy — 
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t,  g.,  die  atrophy  of  uriiiift-roii8  tubules  and  sometimes  of 
^omeruli  iu  chronic  intiaiumation  of  the  interstitial  tissue 
with  the  production  of  large  dc|x)sits  of  oeUiilar  and  fibrous 
connective  tissue  (Plate  9,  Fig.  2). 

It  is  well  known  that  when  an  oi^n  has  ceased  to  per- 

Ifcma  its  phyMiologic  function  for  any  length  of  time  it 
midergoee  atrojihy ;  this  form  is  known  as  atrojihy  Jrrnn 
'^idivity.  Tn  the  last  instance  it  is  |)rol»ahly  also  due  in 
faart  to  defective  nutrilifin.  Thus,  for  example,  if  muscular 
fciereise  a-  ].(T-istr]iil_v  iiri,'ivct.ii.  tlif  lilnod-^iipply  to  the 
luuscles  diiii]tii>lti'~.  In  n  similar  tiianiiiT  glands  whose 
function  hii»  Ix'CLi  iilM.lislit'iI  ar<.'  lik.'ly  to  iindei^'o  atrophy. 
Atrophy  from  inactivity  is  readily  demonstrated,  for  ex- 
ample, 111  niusclty  after  :impntation,  for  the  distal  point  of 
intiertiun  is  absent  and  regular  contraetlons  are  impossible; 
OT  in  muscles  ihc  connection  of  which  with  the  centnil 
nervous  system  has  Ixi'u  dc'stroywl  by  a  1i>r.=  of  conlinuity 
in  the  m()t<jr  nerves.     Siu^h  muscles  soitn  Ix'gin  to  show 

IpR^ressive  atrophi',  the  individuul  fibers  become  more 
piA  more  attenniited,  although  trannvcrse  fltriation  may  Ite 
Jm-servi-d  for  some  time,  even  when  the  filters  have  become 
feduecd  to  extremely  narrow  strips  or  to  mere  shreds  with 
ipindle-shaiM^l  enlai^^enieiits  at  regular  intervals  {Plate  8, 
Fig.  2).  The  atrophy  is  accomi»nnied  fi-efinently  by  an 
increase  in  the  nuclei  of  the  siireolenima,  Ii|limately  the 
contractile  substance  di,«apjX'Hrs  altogether  and  the  remain- 
ing fiber*  cannot  be  distniguished  from  the  interstitial 
tissue.  The  atrnpliy  tlocs  not  progress  uiiitormly,  but 
mther  in  patche.-;.  filK'rs  with  transverse  slriatioiis  liciiig 
Preserved  for  sumo  time  at  indivichial  places,  while  iu 
Vher  plaees  nothing  but  longitudinally  arranged  fibrillar 
'ieitae  remains. 

It  is  needless  to  say  that  diminution  in  the  nutrition  of 
I  Ussue,  an  organ,  or  of  tlie  entire  l»ody  is  followi-d  by 
lltropby  of  the  eorresp*tnding  mass  tissue — ntroph/  Jrom 
'dinbtrbed  nufrition.  Tl  is  well  known  that  during  starva- 
tion the  indiviihial  cells  of  many  oipins  suffer  a  consider- 
able diiiiiuulioii  in  siw>.  Manassein,  for  example,  demon- 
■trated  that  the  diameter  of  ikia  livCT-ceil  in  nbMtejjhidi 


normallv  meosures  nn  llir  avcrap'  22,3/*,  may  ha  dir 
khtil  til  8.!);f  ilnrin^  Hturviition.      In  tii<.'  mtisi-lcs  oIm 
Bini]ilc  alrupliy  i'nnn  Marviiliun  muy  uttaiti  »  coiiMiItT-abt^ 
diigree.     Owiii^  In  llic  ooiitrHclinri  of  tlie  nrtcries  in  ar^fl 
kTJowdfnwis  and  atlipnmia,  many  nrganH,  an,  for  oxampI^V 
llic   kidneys,   may  suHVt   jjreal   diminution   in  !*i)te,  thr^ 
iil.iMpliy  being,  as  a  nile,  not  uniformly  distributed  ova 
the  organ,  but  affecting  individual  (Hirtions  more  eeverdj^ 
than  others,  so  that  granulation  [and  often  great  irrega- 
laritie.s. — Ei>.]    of   the    eurfaee    nwulta    (arterioselerotid 
atrophy  of  the  kidneys). 

Jinally,  eertairi  otiier  forms  of  atrophy  are  olwervei 
when  the  connection  Iwtween  the  corresponding  organ  audi 
the  eentral  nervous*  system  has  Ix^-n  severed,  or  in  ih^ 
preeem-e  of  degenerative  conditions  in   tlio  nerve-ccntei 
Itself  {urHi-ofHilhir  alrujthii).      Tins  f..rm   of  iilmphy  I'd 
attribnteil  to  altolition  of  the  nervous  influenocs  whiul|f 
control  the  nutrition  of  the  tirwniT),  and  in  (his  sense  neo- 
ro|mlhie  atrophy  also  belongs  to  the  eat^^iry  of  atrophy! 
from  disturbed  nutrition. 


RETROGRESSIVE  UETAMORPIWHES. 


III.  RETPOGRESSIVE   METAMORPHOSES. 
DEQENERATIONS. 
I.  Cloudy  Swelling. 

ClodPY  Hwelliug,  albuminous  iltgcn er.it Ion,  or  granuliir 
mt^meratton  ri'presents  the  mildest  cicgroe  of  tlif  degen- 
lerativc  processes  in  the  body,  because  it  i»  eviiiciit  that  in 
knauy  cases  it  may  subside  and  the  aHwt<.-d  organ  may 
iindei^  a  complete  restitutio  ad  integrum.     Cloudy  swell- 
"bg  most  frequently  attacks  tlie  lai^,  parenchymatous 
H^its,  especially  the  kidneys,  the  liver,  and  the  titriated 
mitsclee,  and  among  these  especially   the  heart  muscle. 
"     1  to  the  nuked  eye  the  changes  in  the  organs  arequite 
iipfuretit;   tlie  volume  is   increased;   the   consistence  is 
diminished ;  the  tissue  is  friable  and  soft ;  on  cut  si-ctions 
the  parcncliyma  bulges  ;  the  tmnsparency  of  the  tissue  is 
_  oonsiderably  diminished,  «o  that  the  light  cannot,  as  under 
lormal  conditions,  peuctrate  to  a  certain  depth  of  the 
mrenchyma.    The  color  of  the  latter  Is  a  uniform  opaque 
—^ray;   tie  quantity  of  blood   contained  in  the  organ  la 
Bnsiiallv  diniini^iheil ;  and  an  abundnnce  of  opaque,  finely 
■jramiiar  parcnehyma  juice  can  be  ^erapt^l  from  the  cut 
{enrfiice.      In  !wven.>r  gnidea  of  Ihe  orinditimi  ibe  affected 
(Organs  on  trjinsvcrsc  section  prcp^cnt  the  appearanee  of 
Hiaving  been  l>oik-d,  and  microscopically  it  is  found  that 
^he  structure  of  the  tissue  is  considendily  distorted.     The 
tature  of  the  process  is  best  studied  in  recent  nnstained 
preparations.     Aa  a  rule,  small  particles  reraovwl  with  the 
oissors  can  readily  be  teased  out  in  a  drop  of  saline  solu- 
tion  and   separaleil    into   their  component   parts.      The 
'  parenirbymalous  cells  are  found  to  be  almost  uniformly 
i-nlargiti.      In   tin-  Kidneys,  for  example,  the  Iranavcrhe 
dIaniftiT  of  the  iirinifrmns  tubules  is  incri'nscd  ;  in  tratis- 
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swnllen,  blunt  <;]ittlielial  cells  that  have  Iweii  forced  intd 
the  lumen  like  wedges.  Tlie  outliue  of  the  cells,  i 
rule,  are  fairly  well  prcservwl,  and  soinetimi>s  the  delirat- 
tation  b  even  sharper  tlmn  under  noriual  amditlons, 
evidently  on  oconiint  of  the  Iitoseuing  of  the  eement  siib- 
stauoe.  The  cell  nuclei  are  almust  everywhere  oliscured  ; 
at  liest  they  may  l>c  indistinctly  seen  here  and  there  as 
vague,  shadowy  structures.  The  cell-lxKlies  are  filled 
with  a  uniform,  very  fine,  dnstr-like,  opaque  Hnbslanee,  tlie 
individual  partielee  of  M"hich  are  iinnnaf^urably  Rnialt ; 
sometimes  slightly  rofrautive,  u]i;if]iu'.  p >ld-t;rii_v  grannies 
wland  out  more  clearly  among  tlx'  iiartirlv';  of  the  cloudy 
nuiterinl,  and  s{)tne  larger,  splieric,  sharply  imllined,  glis- 
tening sphercH  may  l>e  seen.  When  lliia  deposit  is  tested 
with  various  chemie  reagent*,  the  following  niicroehemic 
renctioiis  are  obtained :  The  granules  dissolve  in  dilute 
alkalis,  as,  for  example,  in  a  1  per  cent,  solution  of  caustic 
potassium  or  sodium ;  the  cell-boilies  throughout  their 
extent  clear  up,  and  the  nuclei  suddeidy  reveal  themselves 
distinctly  as  the  protoplasmic  l>ody  becomes  transparent, 
although,  of  course,  there  is  no  change  in  the  volume  of 
the  cells.  When  a  teased  preparation  of  this  kind  is 
treated  with  dilute  acetic  acid,  tlie  gmimles  at  first  beoome 
uniforndy  swollen  ;  but  as  more  of  the  reagent  is  add( 
thcv  become  dis.=()Ived  in  the  excess  of  the  acid,  and,  i 
with  alkaline  solution,  the  cell  clears  up  completely  a 
the  nuclei  Uvonic  visible.  The  addition  of  a  sugar  » 
tiou  folliiwiil  liysulphiirie  acid  gives  the  granulesa  reddW 
cidor;  iodiii  (iis  in  Lujiol's  solution)  colors  them  broww 
They  also  yield  the  xaothoprotein  reaction  —>.  c,  on  tW 
addition  of  nitric  acid  the  granules  are  stained  an  intent 
yellow,  showing  that  the  dust-like  o[wicity  consiHts  of  v 
minute  granules  of  albumin.  The  cloudy  swelling  s 
cordingly  wnsista  in  an  extensive  accumulation  of  nndift^ 
soIveU  gnmular  albumin  in  the  parenchyma  cells. 

The  liver-cells  present  similar  apjtearances  when  afi 
by  cloudy  swelling.     In  this  ca.se  a  study  of  a  thin  f 
section  is  most  instructive,  as  it  shows  at  the  same  t 
boi}i  the  great  swelling  and  the  uniform,  dust-like  cloudi 


larkenl  change  in  their  out- 
if  a  regular  ciilntidal  mUapB, 
and  the  impressions  made  by  the  ejipillariert  have  dii^p- 
pmred  altogether;  tiie  wallw  bulge  in  all  dirwitions,  the 
cells  being  more  spherio  in  shape.  At  the  same  ume  the 
connection  between  the  individual  cells  becomes  mueh  leas 
intimate  Iteoanse  tlie  contact  snrfaecs  of  the  individual 
cells  are  groatJy  dirninishwl.  The  tmlieculie,  instead  of 
being  formwl  of  coutinuows  rows  of  cells,  pn'sent  many 
interruptions  and  kinks  ;  ihe  entire  wll  material  looks  as 
if  it  had  l>een  shaken  np  in  mi  irrcgnhir  fat^liion,  and  its 
ohysiologio  eoherenoo  destroyc^i,  a  t^indillon  described  by 
^Prowicz  as  dmoehfion  of  the  liverKx-lIs,  The  nuclei,  as 
i  rule,  are  no  longer  visible,  just  as  in  tlic  case  of  the 
lidney,  but  arc  merely  indicated  lure  and  there  as 
ibadows.  .S«itterod  among  (hi-  iliist-like,  minule  granules 
b  few  strongly  refract  ivis  sjihcrii-  masses  afc  almost  always 
■lerved.  When  llie  aceiie  neiil  nr  i\lkali  test  is  applied, 
be  granules  are  couv(.tU<<I  into  soluble  aeid  or  alkaline 
UhuffliDatcri,  while  the  glistening  gplicri's  arc  not  nffeet^xl. 
In  the  hi^nrt  the  process  leads  to  swelling  of  the  muscle- 
_^ Bella,  chiefly  in  their  transveree  diameter;  the  transverse 
striation  is  geneniUy  preserved,  but  is  leas  dislinet  than  in 
the  normal  muscle;  the  double  n^fmctive  substnnee  ap- 
[>car»  particularly  opaune,  anil  the  entire  cell,  nst  in  the 
BBse  of  the  liver  and  kiiliiey,  is  fi|I«I  with  innumerable 
pinute  granules  which  cover  up  the  niielei  and  give  the 
e-dcscrilxxl  reactions,  .is  a  rule,  the  <Tm<>ut  ridp's 
nd  the  miist'le-c'lls  are  enlati;;eil,  or  the  individiud 
bells  actually  ap|K-ar  liMisened  from  their  eonnw^ions  ami 
"  imetimcs  present  trnnsversc  fissures,  so  that  they  present, 
1  addition,  the  picture  of  so^callc.1  /iii</mentntw  [seg- 
lentalio. — Kn.]  mii»cirit!l.  which,  however,  is  to  l»e  at- 
rtbiited  to  agonal  or  |>.islini.rtcm  changes.  In  fact  it  is 
Ijlways  necessary,  in  cxamininjr  •iirifiti'd  muscles,  to  guard 
jainst  mistaking  |>o.st  mortem  apfH'amnces  for  cloudy 
|iro(ltng,  for  the  occurrence  of  rigor  mortis  is  accompanied 
■  a  uniform  opacity,  with  the  dc]vi9ttion  of  spheric 
ubIk  m  the  maBd»«eiU  vbidb  ar«  dirtinguiflhgi  from 


60  r.KTROanEiiSlVE  METAMORPHOSES. 

PLATE  lo. 
Pio.  t-— Cloudy  Swelling  of  the  Uver  In  Scarlet  P« 

(Rccoiil  fmiutii  ,(ji'rnMi.  s  HOO,);  1,  Eulnrgcd  rouiidwl  liTer-oelM 
Ulled  witb  <lust-tiku  );ruiiiil(»i  '2,  rv\\ia\t\^  of  iiudvi ;  3,  iiidividlN 
(kt-dn>pleU. 

Fid.  2.— Cloudy  Swelling  of  the  Kldueyi  in  Scarlet  F«v«| 

(UrinirerouBlubuK!-WjUiUsifr.ii.il"n.'ahli«.m*.  ..  «00.);  I.Kpitlwl 
tt-lls  rrom  llie  uriiiifuroii-'  lubuii«,  iii  whicli  nfithur  ihii  tiutlini^  nor  1 
nuclei  can  be  rti'og nixed,  und  dcruM;ly  iini.'k<Hl  wiili  (lur,  dunl--lika3 
gmniik*;  a,  owiiuiw  of  nudei  ivtojtniziilile  wild  diffiiull.v  ;  8,  flit-1 
dnipltfU. 

Pill.  3.— Cloudy  Swelling  of  ttae  Liver  In  Sepsis  (HnmaLJ 

CMin.     V  280.) :   I,  Cimtnil  vein  ;  2,  :«w'>]lrh,  n.umlivl  livor-celli  tliBtl 
Imvp  been  IwiHried  from  Ihcir  truKfulur  Brruiigi'mpni i  J{, 
ixl\  rrugmenU;  4,  bilv-pigtuvtit. 


the  gmnulps  of  cloudy  swelling  by  the  fact  that  they  are 
UHiiidly  somewhat  larger  iiiid  fail  to  pvo  the  rmctionc 
nieiitkineil  in  tlii'  fort^iiig. 

Ill  stuineil  sottlions  that  Imvc  \yeea  subjected  to  sIcolioV 
and  other  iireserviiig  fluids  the  ap|K'ar!in(^  of  alhiimuious 
def^'neiiit ion  is  less  distinetly  seen.  The  Himd-like  opacity 
hiis  risujilly  disap)x'arcil  almost  eomplt'lcly,  and  tho  nuclei 
are  ahii'isi  evcrywhero  readiiv  diseernihle  and  lakp  the 
stain.  Tho  swelling  of  the  wlls,  however,  and  tlu>  loosen- 
ing <if  thrir  connwtion?  can,  of  eonrw,  Im?  rtiiignizcd ; 
particularly  in  the  liver,  the  rounding  of  the  eelU,  uiu)  the 
fact  that  (liey  are  separated  fn»ni  their  trabecular  ooimetx 
tions  may  Tx-  seen  distinctly  (Plate  10,  Fig.  3),  Livef-*" 
cells  with  more  than  one  nucleus  are  not  infrequently 
encountered. 

(^'londy  swelling  iw  observed  iirinei|KilIy  in  a  number 
severp  infectious  diseases  attended  by  constitutional  symp- 
toms, especially  sepsis,  typhoid  fever,  smalI-]>ox,  scarlet 
fever,  ervsipelas,  diphtberia,  phiguc,  etc.  It  is  also  fuimd 
in  certain  forms  of  pniRoning,  especially  acute  phns- 
phoms  and  an^eTiie  poisoning  and  poisoning  with  the 
mineral  acids  and  earl»on  mnnoxid.  It  has  also  Iteen 
observed  in  cases  of  extensive  burns  of  the  skin  and  uller 
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(l«itli  tVoni  bwit-stniko.  It  is  evident  tliat  in  tlie  infiotious 
<iiseii««»  ju.st  mentioiidi  the  bni-teria  themselves  aij  well  as 
the  injurious;  nction  of  their  jmiaoiiou;^  metabolic  }irtKluct8 
must  be  held  responsible  for  the  eliange. 

The  mode  of  origin  of  cloudy  swelling  is  not  perfectly 
understorxl.  Virohow  regards  it  as  the  expression  of  A' 
severe  nutritive  irritation — i.  e.,  the  result  of  increased, 
ingeetiou  of  nutritive  material  under  the  influenec  nf  ft 
definite  irritiint.  He  rc'gards  it  prinoipully  as  a  parenohy- 
tnatous  intlanimatory  proeeSs.  According  lo  the  opinion 
of  otlier  investigators,  the  deposition  of  albuminout 
granules  in  due  to  the  accumulation  of  undissolved,  un- 
precipitated  albuminates  within  the  protoplasm,  on  afr 
ixiunt  of  tlie  inability  of  the  cell  to  a^imilate  these  nutri- 
tive materials.  It  is  either  the  result  of  an  increased 
supply  of  nutritive  material  or  of  interference  with 
peogion  of  tlic  removal  of  metabolic  products. 

By  means  of  special  pre(ter\'in2  and  staining  methods 
Altmauii  has  shown  that  it  is  possible,  even  under  normal 
oowlitious,  to  demoiifttrate  in  the  cells  of  large  parenchy- 
matous ot^ns,  especially  tlie  cjtithelial  cells  of  the  liver 
and  kidneys,  fine  granules  arranged  in  definite  rows  aroiuid 
the  nuclei  (Altmnnn's  granules  or  bioblasts).  It  is  not 
clear  whether  thi^  granulation  is  an  artefact  or  a  natural 
grouping  of  preexisting  elementary  particles  of  the  oells. 
But  even  if  they  merely  represent  an  artefact,  a  view 
which  is  supportwl  by  a  number  of  observations,  thi 
is,  nevertheless,  interesting  and  important,  Ix-cause  the 
granules  always  present  the  same  appearance  in  a  normal 
cell  when  it  is  treated  In  the  same  way.  Under  pathologic 
nmditions  they  disappear;  nor  arc  they  identical  with  tlie 
albuminous  grannies  which  occur  in  cloudy  swelling. 
For,  when  this  condition  is  produced  experimentally  in 
the  kidney,  lu-  by  ligation  of  the  rciml  vein  of  the  o]iik>- 
site  kidney,  then  Altmann's  granules,  in^^tead  of  beui|; 
increased,  diminish  in  number  and  di^pnear  altogether 
after  intense  albuminous  clouding  has  developed. 

Other  changes  arc  sometimes  observetl  in  the  nuclei  of 
i  the  aeat  oi  cloudy  awelliiig,  espeoiaUy  eyfUtpf;  of 
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PLATt  II. 
Via.  1.— Fatty  Infiltration  of  the  Liver  In  CarcinoniBtoul 

CKliexia  (Fw/L-ii  Mfti,..,.    Sud.n.  ^tliil..     ■  •J.m.):  1,  fu. 

of  uii  udliu^:   2.   ltv<.-r-L-i'll6  L' pk'U'ly  Hlkxl   willi   I'lit-droplL-u j 

vnr;  iiiiiiulu  rHt-<lr"pti?l9. 

Pig.  2.— Fatty  Deseneratlon  of  the  Myocardium  in  I 

nlctOUS  Anemia  (FroKoii  »'olli>ii.  .SmkufUiiii.     .  2HU.) :   1,  ttiucle^ 
B Sera  with  tniuBveric  striutUiu  prtai-rvcd;  1,  iimwlc-lllieis 
UiD  striaticn  'u  cniiipletal.v  iibicuriid  by  tlic  nccuiuuluiion  uf  fat-diu 
IcU;  3,  iBrgii,  free  f&t-drr>j]8. 

Fio-  3-— Beginning  Patty  Degeneration  of  tlie  Kidney  1 
Scarlet  Fever  (Fmiwn  s«.[jt.n.  Sudui.  fUiiii.  -.  2S0,): 
Ireiutly  snihII  fal-drfiplpU,  dpl>usit*<l  in  tlii'  puriphdrMi  piirtioii 
fipitholittl  uells  .if  the  urin  iff  rolls  lulmliM;  2,  uriniftpi.us  tubules,  tl 
cfMtbdinl  ppJlH  of  wliich  lire  in  »  mule  of  murkcd  futly  (li^nenidoij 
and  iD  part  liu  tree  in  the  lumen. 

the  nucleus  with  enlargement  of  the  surface  aud  <limi-J 
nution  of  the  ebrooiatin  framework. 

In  many  eases  cloudyswclling,  instea<lof  bein^  a  simplafl 
and  isolatetl  process,  b  accompanied  in  the  Name  ur^n  by4 
more  or  less  pronounced  fatty  <li^neration,  and  it  is  to  1) 
supposed  that  transitional  tituges  between  the  two  eondi- 1 
tions  also  exist. 

I  (Fatty  Metn- 

Eveii    under  normul  fomUtioMS  llic  quantity  of  fiit  tnJ 
the  Ixtdyund  in  individual  tissiie:s  is  subj(»'.t  to  wide  VHris^a 
tions.     Tiie  ijuantity  of  fatty  tis.«tic  varies  in   the  sumol 
individual  at  different  periods  of  life,    Ilurinj^  the  earliest! 
years  of  infaney  and  in  old  t^  the  body,  as  a  rule,  con-  1 
tains  more  fiit   than  during  middle  life.     An  incre 
ingestion  of  fat  with  the  food  or  the  conversion  of  carbo- 
hydrates or  even  of  iilbnmin  (VoTt,  Cremer)  may  cause  an 
increased  aceimmlation   of   fat   within   the   Ixidy.     Tbe 
stored-up  fat  is  dep<isited   principally  in  the  wtnncctive 
,  csppciallv  in   the  i^nbcntaneons  connective  tissue, 

<  omentum,  t)ic  mcs(.'ntLTy,  tlic  (uTitoiicum,  and  in  the 


DEGEyHRA  TIOSS.  63    \ 

■mediastinal  conneotivc  tis.siiL<,  tlii!  ejiiciirtlium,  etc.     It  i 
Every  diflicult  to  say  when  iWia  t'ntty  intilti-ation  is  U\  l>c   I 
f  regarded  as  a  pathoUwiu  jiroooss.     Tlif  (Hviding-liiic  Iw- .j 
I  tweeo  physiologic  and    piitholugii'  adi{Ki»ity,  ulx'sity,  tir 
I  li|>on)atosis  cannot  be  slurply  driiwn. 

I       The  n»wliaiii-^ni  nf  f'alty  infillnition  consists  in  the  ao- 
lciimulalii>ii  uf  tai-<lfii|il,'[.-.  wliii'h  coalesce  to  iomi  large 
Idrops  in  iln'  (■-(lllll■l•liM-Ii^^lll■  ct-l  Is,  which  are  thns  uon-   ; 
Iverted  into  i'ut-t^LlU.     In  iitliir  wortJs,  the  process  is  just 
'lie  reverse  of  what  takes  piaoe  in  atrophy  of  fatty  tissue,  i 
3  that  the  reversion  of  fatty  cells  into  connective- tissue   . 
8  is  also  accumjianied  by  the  appearance  of  minute  fat- 
'  droplets.     SomctinHti  the  infiltration  of  coniiettive  tissue 
with  fat  asMunies  a  dislimtly  jiathologic  character  by  en- 
croaching ii|xm  Hoighlwriiig  tiwuc. 
.       Tlus  is  seen  especially  in  the  heart  in  lulipmitfta  ooi-dia, 
Lin  which  a  prugrt«tiivc  ovcrWdinji  of  the  intramuscular 
leonnective  tissue  with  fat  ('n>m  the  subepicardial  adijHMc 
rlaye>"  takes  place,  and  conipletocijn version  into  fatty  tissue 
gradually  follows,  the  tat  penetrating  the  muscle-bundles 
and,  if  the  process  is  j«vere,  bringing  on  pressnre  atrophy 
and  extending  a^  far  as  the  endticardinni.     In  universal 
lipomatosis  fat  may  be  stored  up  even  in  the  endocardial 
wmnective  tii^sue  and  a  thin,  superficial  accumulation  of 
adipose  tissue  mav  l>c  found  on  the  inner  aspect  of  the 
ventricle,  separated  from  the  cavity  only  by  u  thin  layer 
of  connective  tissue  and  the  epithelium,  and  not  always 
coQiiuuous  with  the  subepicardial  fat. 

A  similar  condition  is  sometimes  observed  in  the  con- 
nective tissue  of  striatt^l  muscles,  the  connect] ve-tiRsue 
oells  Ijelwecn  the  mu.«ck-liLnuIlin  being  loaded  with  fat 
und  converted  into  fatty  lissiio,  thus  forcing  the  muscic- 
.Hbers  apart  and  increasing  the  transverse  section  of  the 
piuscle,  while  the  muscle-snbstance  itself  is  diminished 
Kipi»aato«i8  miisculomm  ;  jtsemifihifpertrnphy). 
V  Next  to  the  connective  tissue  tlie  liver  is  one  of  the 
Heatiii  of  predilection  fur  the  deposition  of  fat.  Under 
Bormal  conditions,  in  individuals  who  are  not  excessively 
I,  tb4  oeUti  o£  tbia  orgtui  alwuys  coutaia  a  variabia 
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quantity  of  fat-clmjilets.      But   the  latter  may  undei 
niiimderable  iucreone  both  in  a\ze  and  dibtributjon,  espe- 
cially in   the  ijeripheral  xoiies  of  the   acini.      The  fat- 
dropli^ls  in  tlie  liver-t^JlH  swell  mote  and  more,  crowd  the 
pn>top1imtu  to  one  side,  fopce  the  nnclei  against  the  wi 
so   that  they  liecomc  very  thin   and   rreecentir,  and 
severe  grades  oi'  the  process  may  effect  such  a  diniinutii 
of  the  ccll-protojilasm  that  tlie  peripheral  wmes  of  the' 
aciui   apiivur  io  be  formed  entirely  of  fatty  tissue  and 
Wtnipletely  lose  their  8l)ecific  epithelial  cliarncter.    The  fat 
nearly  always  deposits  itself  in  the  form  of  one  large  dr<)p 
in  each  cell — that  is  to  say,  in  the  same  way  as  in  the  cai 
of  the  connective-tissue  cell  that  becomes  converted  inl 
a  fut-cell.     This  condition   is  designiiti'<l   lipnmatnma 
stmUm»  heptttis  [tatty  infiltration  of  the  liver. — Ed.].    It' 
18  encountered  in  general  ol)esity,  but  especially  in  chronic 
diseases  which  lead  to  wasting  and  eachcjiiii,  {Mirticulurly 
chronic  pulmonary  tuberculosis  and  the  cachexiH  due  tr 
malignant  tumors.     The  fat  with  which  the  liver  " 
trat^  iw  in  these  cases  derived  from  the  body-fs 
cially  from  the  subcutaneous  connective  ti^ue,  which 
melted  down  under  the  wasting  influence  of  the  disease, 
but  not  completely  burnt  np  and  therefore  deposited  in 
the  liver.     This  mechanism  con  be  demoustra1e<l  experi- 
menl4illy  by  first  starving  animals,  then  feeding  them  with 
large  quantities  of  a  given  kind  of  fat  that  is  readily 
identified,  such  as  mutton  fat  (Rosenfeld),  und  subjecting 
them  to  some  influence  which  is  known  to  pi-odnce  an  in^ 
crease  of  fat  in  the  liver,  as  fiir  example,  phosuhonu 
jKiisoning.     The  greater  part  of  the  ingested  fat  in  th( 
experiments  may  Ite  recovered  from  the  liver. 

In  other  organs  also  a  fatty  infiltration  which  fall 
within  physiolc^c  limits  is  occasionally  ()bserved,  as, 
example,  in  the  kidney,  where  the  peripheral  portions 
the  epithelial  cells  of  the  convoluted  tubules  very  oftea 
contain  minute  fat-droplets;  in  cats  and  doga  these  fat^ 
dnipleta  are  regularly  found.  In  diabetes  mellitus  an 
increase  of  this  fatty  infiltration  is  observed  in  the  kid- 
t,  although  no  other  jKitliolngic  changes  can  be  distil 
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ijisluHl  iu  tlie  ui^iis  (vmi  Haii-seniaiiD).    In  the  U'sticles, 
not  (iiily  in  old  persons  anti  in  a  senile  mvolutioii  of  the 
boily,  Iml  alsu  during  tlie  midtlU-  ihti'jJ  of  life,  eolli'cliona 
of  niinuk'  ful-druiilotB  arc  sonittimes  eucounterwi  iu  the 
epiUielial  cflb  of  llic  Bcminiferous  tubnlcs. 
L      Fur  a  long  time  it  has  bueii  customary  to  attempt  a 
I  ftrict  distinction  between /«Hy  infiUralion — i,  c,  the  dejio- 
gttion  in  tiHtme-oells  of  fat  obtained  from  without — and 
/aUy  degeimittlon  of  tissue-cells,  in  which  the  fat  is  8Uf>- 
poseii  to  lie  produced  in  loco  by  conversion  of  the  cell- 
albumin,  or  protein  substances  of   the   cell-bodi^,  into 
lat-ctroplets,      Morpliologiadly,  the   point  of  distinction 
botwoen    the    two    priM-essts,   which   were    regarded   as 
geuclioally  distinct,  was  stated  to  be  that  in  fiitty  infil- 
tration the  fat  is  deposited  in  the  tiirm  of  large,  spheric 
^mps,  while  in  degenerntiun  the  lat  appears  in  the  form 
Tof  individual  little  spheres  seiMinitef;!  from  one  another  by 
protoplasmic  septa.    But  this  distinction  cannot  be  strictly 
"jErriwl  out  nor  is  it  well  founded  [as  tlio  so-called  retro- 
clmiigcs  are  becoming  better  uiiderstixM]  the  hard- 
■nd-fust  distinction  formerly  drawn  between  degeuerutlon 
ttid  inliJtriitiou  is  gradually  breaking  down. — Ed.]  ;  for  it 
Bs  already  been  shown  that  very  snudl  fat-tlroplcts  may 
Kur  in  the  cells  in  fatty  infiltratiou,  both  In  tlie  initial 
s  and  when  the  infiltrated  fat  begins  to  break  down, 
I  well  as  in  atn^phie  conditions  of  adipose  tissue.     On 
the  other  hand,  in  severe  grades  of  fittty  dL^ueratiou  the 
protoplasmic  septa  may  disappear  and  the  small  droplets 
— mlesce  to  form  a  large  drop  of  fat.     The  origin  of  the 
t  present  cannot  )>e  determined  by  microscopic  examina- 
;  and  tn  recent  times  the  origin  of  fat  from  metabolic 
esseti  in  the  protoplasm  of  the  coll  has  been  vigorously 
!nied.     There  is  no  doubt  thut  fat  may  W  produced  in 
the  organs  from  albnmitious  snlwtuiices,  and  V irtihow,  in 
proof  of  this   possibility,   pointe«l   to   the  occurrence  of 
adipocerc,  in  which  fiit  may  fi>rni  in  the  muscles  when 
oadavers  or  parts  thereof  remain  for  sumc  time  iu  a  damp 
medium.      It  bus  also   Ik^u  found  that  maggots  which 
have  l)een  kept  in  mitri^tm^iaoonsistlugejcelusivolyof 
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allmniiii  aliow  nii  iticreaiM;  uf  fiit  in  their  Ixxlics ;  but  it  ifl^ 
neverthdess,  ditHutilt  in  cases  of  pathologic  fatly  dej^nera- 
tion  to  overcome  the  at;guni(>nt  that  ihe  fatty  iiicreaee  la 
due  to  the  increased  hitroductioii  of  fat  from  without  mid 
OD  inabilitv  of  the  cell  b>  burn  it  u[) — iu  other  words,  lo 
a  kind  of  fat  precipitation.  For  instance,  in  fat  emlmlism 
fatty  degeneration  of  the  endothelial  cells  of  the  capillarieti 
and  of  the  leiiktMiytes  takes  place  (Benecke);  and  in  the 
caae  of  the  fat  emboti  of  puerperal  eclampsia  Ackermann 
demonstrated  the  occnrrence  of  fatty  (iegeneratjon  of  tlie 
glomerular  epitlieliiim.  In  theiic  cases  it  is  <iiiito  con- 
ceivable that  the  fill  might  be  due  to  infiltration  with 
circulating  in  the  bto"xl. 

So-cailiiLl  fatty  degeneration,  or,  better,  fatty  change 
metamorphoi^is  (Lukjanuff),  also,  has  its  physiologic  pro- 
totype in  the  boily.  Wiienev'er  organs  tliat  have  only  a 
temporary  im[>ortauce  are  to  l>e  remove^!,  nature  employs 
as  an  intermediate  process  the  conversion  of  the  tissue 
into  fut,  in  oitler  to  convert  the  building-stones  of  euch 
mrts  into  a  readily  tmnB|)ortab!e  and  absorbable  material. 
Tims,  for  example,  involution  of  the  puerperal  uterus 
takes  place  by  a  fatty  degeneration  of  the  enormouall" 
hypertrophied  muscle-cells  of  tlie  organ.  T! 
glands  and  the  mammary  glands  go  ihmugli  u  process 
fatty  degeneration  during  the  formation  of  their  physii>" 
logic  secretion.  Thus  the  cells  of  sebaceous  glands  are 
packed  full  of  fat-granules  which  coalesce  and  escape 
through  the  cell-body,  while  the  latter  collapses  and  dii ' 
t(^!7utes  in  the  mammary  glands ;  also  the  cells  which 
destroyed  during  secretion  have  \a  !»  replaced  by  ni 
formation  fronj  the  remaining  cellular  elements. 

Under  pathologic  conditions  fatty  degenerat 
chiefly  when  the  oxidation  procesHes  in  the  body  are  dis- 
turbed— t.  e.,  in  all  those  conditions  in  which  the  number 
of  red  blood-cells  or  the  hemoglobin  suflers  a  temi»orary 
or  permanent  diminution.  Fatty  degeneration  accorcl- 
ingly  occurs  afler  severe  hemorrhageii  and  in  local  anemia, 
as,  for  example,  from  compression  of  blood-vessels.  Thus, 
fativ  degeneration  of  iiarencliymatous  tissues  always  occui 
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till-  inj^'lili.irtnmil  iif  :i  nipMly  uniwiiif,'  Mpli.Tie  tiiin.ir 
In  Biiub  iit^iis  Its  till.'  liver,  lir^iii,  kidncyis,  via.,  in  tlit- 
|»eriphery  i)t'  Hiiimr  iniitc.",  lu  tuben-lc;*,  jfiiimiia,'^,  ami  in 
echincMXfCciiet  cvisIk  ;  tin-  jiaR'iu-liyma  iMHionits  ani'iniu  f'lMm 
the  pretwure  uf  ihe  ubnunual  grtuvilii-.  ;ini!  'ixiilalion  is 
hindered.  The  great  U^mk'ncy  U<  iiitcii-c  fitily  ili'^cniTii- 
ti»n  observed  in  tumors  (if  extrai>r(iiii:irily  npiii  ^rmwth, 
such  as  carcinnma  and  sareoma,  i^  attriljittod  lo  iii>nl1ii-Ifnt 
blood-supply  and  atnsefiucnt  inndcipiate  oxiilnlion  jtn>- 
pt^stses  in  thece  neoplat^ms.  As  a  matter  of  lact,  Uiltv 
flcgeneratioii  is  iniKst  pitmouiiced  in  those  |K>rtiiins  whieh 
are  fartbet*!  rfuiovcd  I'mni  the  nntrient  vewsels.  Tho  ex- 
tensive fatly  ttegeiiemt  ion  whieh  attacks  the  |>arcn('hyniHtt>iis 
orpins,  ihc  heart,  and  the  niuseles,  in  so-callwl  pernicious 
sneniia  i-s  genendly  wfll  known. 

liitdxiciitions,  in  which  the  percentage  of  oxygen  in  the 
km]  is  diminished,  are  also  fotloweil  by  fatty  degenera- 
aniong   these   may   bo   mentioned    iKiisoninjr   with 
carbon  monoxid  and  jiyro^iidlol.     \V idtv-picud   faiiy  de- 
generation of  extreme  intl'n^ity  d('vi'l.i|i>  jji  |Mii> »g  by 

ic  acid,  and  in  ]wiBiining  by  many  va^etie^  of  niush- 
nnis.  Bailer  states  that  in  phosphorus-[M)iwjning  there 
■reawHl  dectrmi position  of  albumin,  with  a  diminu- 
m  in  the  ingestion  of  oxygen  and  decomposition  yf  fat. 
'inally,  fatty  lii^eneration  frequently  develops  after  the 
BOQt«  infectious  diseases,  the  must  familijir  cxatnptes  Wing 
diphtheria,  small-p-ix,  scarlet  fever,  and,  in  a  lesser  degree, 
typhoid  fever  and  cholera.  The  fatty  degencnition  winch 
attacks  many  of  the  organs  in  severe  general  jaundice,  for 
example,  in  acute  yellow  atn>phy  of  the  liver,  may  a\m 
be  mentioned. 

In  fatty  degenenition  the  affected  cells  are  crowded 
with  fat-droplets.  During  the  initial  stages  these  fat- 
droplcts  are  extremely  miniite,  and  sometimes  have 
certain  relations  to  the  nnrmal  structure  of  the  ctII.  It 
ha.s  been  bolieveil  that  the  fat-droplets  in  the  epithelial 
oclis  of  the  kidney  and  liver  take  the  placi-  of  the  disap- 
pearine    AUninTui    ^Tannics,   and    It  has, 


(!lll'%SIl-E  METAMORPHOSES. 


U'lievtil  lliat  tlicj*  (.■IfiniuUiry  structures  are  converted  inl 
liit-dropleti^.  In  the  heiirt  niusi-le,  for  exumple,  the  ami 
(tit-drop!et»  are  seen  to  be  orrangeJ  in  regular  rows  in 
ilirw^tion  of  the  iniisi'li'-fihres — that  is,  along  the  longim- 
liinal  striations.  The  transverse  striation  inaj  be  preserved 
iliiriug  the  initial  stagea ;  later,  however,  as  the  fiitty  drop- 
lets increase,  it  disappears.  The  nuclei  are  obscured,  imd 
cannot  l)e  recognized  in  severe  grades  of  the  L'oiidiliiin 
even  after  being  treated  with  acetic  acid  or  wiili  an  iilka- 
liue  solution,  while  in  medium  gr.ides  Ihc  littty 
tion  is  sometimes  rendered  more  distinct  by  sidiliiij^  tlii'se^ 
reagents,  because  ihe  albuminous  panicles  winch  are  ]) 
ent  with  the  fatty  droplets  are  dissolved  and  the  cells  tin  _ 
elean-^l.  In  the  kidneys,  when  fatty  degeneration  is  nOJ 
very  far  ailvanceil,  the  iieriphend  |Kirtion.s  of  the  cjiithe-' 
lial  cells  of  the  uriniferous  tubules — that  is,  llni.-r  ]ioi(ioiis 
nearest  the  mcinbrana  propria — arc  seen  to  lie  filled  with 
minute  fat-tlrop lets  (Plate  U,  Fig.  3),  while  in  the  more 
degenerated  portions,  which  generally  include  the  so-called 
intercnialed  pieces,  the  cells  present  a  diEFuse  infiltration 
with  droplets;  later  the  cells  are  cast  off  and  occupy  the 
interior  of  the  membrana  propria  in  the  form  of  fat"* 
epithelial  casts,  which  ofien  make  their  appearance  as  sni 
ill  the  urine. 

Fatty  df^'nrriition  is  <if\cn  observed  in  gland-celle, 
e.g.,  in  the  sioniiH'li,  iuli-sliiu'.  and  pancreas.  It  is  partic- 
ularly common  iu  llii'  -.iiliMam-e  of  the  central  nervous 
system  after  nu(riliv.>  disturbances  or  the  des  I  ruction  of 
some  of  its  parts.  The  nervous  substance  rapidly  brealcH 
down  into  an  extremely  fine,  gi-anular  maH:^  of  fat-droplets 
which  are  taken  np  i)y  contnictile  cells.  The  latter  are 
partly  leukocytes  and  lympliocytes  and  ]>arlly  endothelial 
and  gnnglion-ceils  (Bireh-Hirschfeld),  which  become  loaded 
with  fat-ilmplets  and  are  known  as  gninular-cells,  and, 
when  the  fat-droplets  disai)pear,  as  granular  spheres. 

Fatty  degeneration   may  also  attack  coiinective-tiseue 
fx\\a.     Thus  in  the  medium-siKed  and  lai^  vessela  affected 
with  atheromatosis  the  yellowish,  thickened   patches  on 
inlima  eonUiin  large,  stellate  counective-tissoe  eel'" 
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^provided  with  outrunm'rs,  wliioh  arc  impregnated  witli 
ftwhule  iDws  of  fat-druplot-f  (Vol.  I-,  Pliil*  10,  Fig.  3). 
ETlie  ooniieetive-tissue  ixWa  in  the  eunicu  may  becoDie  the 
(Beat  of  ffttty  (]c{;eneratiun  in  old  age ;  the  corresponding 
rt  beeoniL's  opaqne  and  produces  tlie  so-caUcd  urcus 
nilis. 

Finally,  celhdur  and  fihrinuus  inflammatory  exndatr)< 
■■may  Bn(,fnmh  lo  fatty  degeneration.     The  alxsurption  of 
piw,  for  fxiiinplc,  is  nsnally  preceded  by  fatty  degenera- 
tion of  llie  ims-cells,  and  when  anch  cells  are  accuniulat^id 
in  large  t|uantiltcs,  as,  for  instance,  in  empyema,  it  is  often 

^ impossible  to  find  a  single  intact  piis-cell,  jib  all  are  closelv 
beset  with   fat-grannies.      In   some  species   of   aninmb 
i(rahbit)  the  iius-cells  appear  to  |K>ssess  a  sjiecial  tentloney 
fo  fatty  metamorphosis.     If  abstirption  of  the  water  takes 
]>la(«  at  the  same  time,  a  condition  is  produced  which  in 
designated  caseous.     The  di.-isuliition  of  fibrin  is  accom- 
pani»]  (juite  frequently  by  the  furniatiun  of  large  masses 
if  &t-<lroplet£  wliieli  are  evidently  derived  from  the  dis- 
itc^ration  of  the  librin  thread  ;  this  is  seen  in  the  n>s(ilu- 
■n  [autolysis — Ed.]  of  the  fibrinous  exudate  in  croupous 
pneumonia.     By  this  means  the  exudate  becomes  emulsi- 
fied and  its  conversion  into  an  absorbable  fttate  is  effected. 
Fat,  even  when  present  in  small  and  isolated  granules, 
ifi  readily  recognized  by  its  microchemieal  reactions.     It 
not  affecteil  by  acetic  aciil  and  alkalies,  but  is  readily 
lisiwlved   in   ether,   benzine,   and   chloroform,   after  the 
has  lieeu  previously  treated  with  altsolute  alcohol. 
II  fat-containing  tissnes  tliat  have  been  prcftcrved  and 
ibedded  in   the  usual   way  therefore  show  a  complete 
ihsence  of  fat,  and  llie  wjKice!*  occupied  by  fat-drojw  are 
inverted    into  vnenolos.     Hi-nco  llie  fatty  tissue  in   the 
losnal.  stained,  pcnniio-nt  preparations  always  appears  in 
liirrii  iif  the  wiM-liuown   nieshwork,  the  meshes  of 
hieh  corrcsjKind  to  lln'  iinrtopliismic  borders  of  the  fat- 
]ls,     The  smaller  llie  ilroplets  of  fat  which  have  been 
tnict«I  by  the  treatment,  of  the  .section,  the  smaller  will 
the  corresponding  vacuoles.     When  an  organ  the  seat 
if  murlccd  fatly  degenerution  has  Iwrii  ^jrvriei- >■■>•' 
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ordinary  way  aod  is  exfimined,  tin'  prtitojdasin  ac(.yjrdingly 
represents  a  sf>-ealle<i  fhilliy  slnictun.',  the  inniimeralife 
minute  holes  or  eavities  enrresjxjiKliiig  to  the  minute  I'at- 
tlropletfi,  aud  the  threads  that  are  vibible  lietueeii  them  to  | 
tlie  remains  tit'  the  protoplasmic  septn.  It  t»  poesiblc^ 
however,  to  preserve  the  lat  in  ttituhy  treating  the  tissm 
with  osniic  oeid,  which  Btaiiis  the  fat  blaek.  After  it  Iiac 
been  tn?nte<l  in  tbi.s  way  the  fat  resists  many  rea^nd 
which  iitherwiae  dissolve  it  rapidly,  like  ether  and  chlorq 
form ;  while  other  sulistancee,  sneh  as  benzine,  xylol,  am 
toluol  attnek  and  disailve  fat  stained  with  osmie  neid! 
Fat  can  be  denioiistRited  very  satisfactorily  in  situ  by  the 
aid  of  sudan  III.  (an  nnilin  stain);  but  the  sections  can- 
not, of  course,  !)»■  treated  with  fat-dissolving  reagents,  and 
must,  therefore,  be  preserved  in  formalin  solutions.  Fat 
can  alisu  be  .Plained  with  chtnolin  blue  and  alkanna  tincture. 

If  fat  remains  anywhere  in  the  body  aiWr  the  disin- 
t^ration  of  the  inclusln^  eells,  it  nndei^ues  a  definite 
transformation,  n-iiliint;  -[uite  f'ri'qnently  in  the  formation 
of  masses  of  eliuli-ivnii,  whii'li  appear  as  the  well-known, 
large,  vitreous,  rhoinbie  plates,  often  with  one  coni^ 
broken  off  {Alias  of  fyfedul  Pnliioloffic  Hintology,  Vol 
I.,  Plate  10,  Fig.  2),  and  are  HtJiined  an  intense  red  1 
snlphurio  acid.  Necdle-ghaiied  tnargann  crj-stals,  i 
ranged  in  the  form  of  a  brusli  or  a  stellate  figure  (vl/Al 
of  fiperial  Pnthnlofflc  Hixtoloffif,  Vol.  II.,  Plate  75,  F 
2),  are  oo«isiimally  seen  in  old  fat  deposits. 

It  is  needless  to  my  that  the  nuclei  also  present  eertaiil 
changes  in  fatty  dt^neration.  They  undergo  both  chemio 
and  morpholi^io  disinti'^Rition  and  ultimately  disappear^ 
but  ihe^e  phenomena  will  l)e  <iiseMSsed  more  in  detail  iq 
connection  with  necrosis. 


Glycogenic  Degeneration,     [infiltration.— Ks] 

Glycogen,  a  normal  constituent  of  the  Ixidy,  which  v 
discovered  in   1K.58  by  Claude  Ilernard  in  the  liver,  t 

r  demonetrated  outside  of  this  oi^iin,  in  ihe  musele^V 
'  Scale's  hxips  in  the  kidneys,  in  cartilage,  in  striat£4'| 
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^™  Bquamotm  epithelium,  iu   tlie  uterine  epithelium,  in  the 

'         Dormal  placenta,  and  especially  iu  all  the  ietai  organs, 

may  be   increased   in    imthologic  muditious  or   may  he 

~        (bund   in   situations   where   it  does  not  exist  normally. 

LTheae  conditions  are  iucludiHl  undci-  the  term  glycogenic 

jlfl^ieneration  [infiltration — Ed.1     It  occurs  as  granuleu, 

""ragments,  or  small  spliorLS  iml>e<ldcd  in  the  cells  in  the 

form  of  shining,  homogeneous  bodies.     It  is  assumed  that 

in  the  recent  condition  glyo^en   is  difi'usely  tutiltraU*d 

nnto  the  cells,  and  that  the  dnips  iire  foriiuil  only  post- 

iuortem  or  as  the  result  of  miinipnliitiitn.     It  is  extremely 

wlubte  in  water,  and  fur  this  reason  can  l>e  demonstrated 

kmly  in  very  recent  tissue  immediately  afW  it  has  l)een 

■teken  from  the  body,  or  in  tissue  that  has  been  at  once 

Jjreserved  in  strong  a!c*ihnl.     The  di^ree  of  solubility  is 

Kot  the  same  in  all  the  tisnues  of  tlie  body :  some  oratns 

^re  evidently  able  to  priservo  the  substance  l)cttcr  ami  ibr 

*  longer  time  than  otliera.     filycogen  is  everywhere  dis- 

linguislietl    by    its    niidy  solubility  in    saliva.      When 

lought   in    e<intjict  witli   iodtn,  its   color  changes  to  a 

n  or  browuisb-re<l   shade.     A  solution  of  iodin   in 

[om  aruhic   or  of  iodoglycerin   is   usuallv  employed   to 

!  stained  glyctigen.      Under  patholofrie  (rondilions 

1  is  found  in  tlie  l>loorl  in  dralietes  melHtUs,  both 

mtside  of  the  cells  and  «ithin  the  leukocytes,  where  it 

)an  be  demonslrate<l  in  the  form  of  minute  droplet.s.     It 

)  also  found  almost  constantly  in  the  leukocytes  in  casos 

'  suppuration,  before   the  pns-corpuscle«   have   brt)ken 

>wn,  in  abscesses,  in  gonorrheal  pus.  in  purulent  urine, 

the   leukocytes   of   the   pneumonic   exudate,   and   in 

mcral   leukocytosis.      It   is   found   particularly  in   the 

Kidney  in  dliiboles  mellitus,  at  the  junction  of  the  medul- 

nd  eiiriir-iil  substances,  and  at  the  isthmus  of  Ilenle's 

wjw.     The  (jiiilielial   cells  appear  glassy  and  swilien, 

nil  on  the  adiliiion  of  iodin  and  gum  arnhic,  large  and 

wll  spheric,  brown  droplets  I)ee<ime  manifest. 

I  Glyoccen  is  also  i|uitfl  runnnon   in   true  neoplasms  of 

nrioas  kinds,  eHpL-cially  in  chondroma,  in  rhabdomyoma, 

[  tnniotv  of  iliL-   kidn.  ■     ~    ■  ...     - 


12  RETROaHESSIVE  METAMORl'HOSES. 

PLATE  12. 
Flo.  1. — Amyloid  Degeneration  of  a  Small  Splenic  Art 

( Qi'iuat.-WMiii.     X  IJOO.):   1,  Endntlii'liiil  >-A\f-,  2.  tiuiU'ii  lunlin,  i 
verted  into  a.  hiinmgfiiw.iiB  Iim'iiJ  ;  H.  !njviilili»l  riOl*. 

Flo.  'J,— Amyloid   Degeneration  of  a  Vascular  Knot  In  a 

Renal  Qlomerulus  (Cimuin;    vnn  Gli^smi,       .    -J^IO.);    1,   AlDfloill 

iJi'viu'UTitiuii  ul'  i!li.riivmliLr  v.irtfiiliir  oiili,;  1,  Bnwlimn's  cui»ule ;  8, 
nlbuiiiitiKUit  BUljoUiiiw  in  llii'  t'Hp'illHr  »p»w, 

KiQ.  8.  -Amyloid  Bodies  In  the  Lung  In  Chronic  Indun 
Pneumonia   (A]uui-i\r<>l)iiiml.       >    lUO.):     I,    ThiL-kum^l   , 
H>)itJi  i  2,  I'fllulur  uiiil  hi-tiiurrhugii'  i-xuduU-  in  tbu  ulvuuli ;  il,  i 
Iricully  lumi^lliLlaJ  uuiyluid  biKliuH. 

all  those  iieoplasma  which  arc  formed  from  young  cellulJ 
material  closely  related  to  embryonal  tissua  On  the  otfaq 
bund,  it  is  never  tbuud  iii  the  so-calkil  iufectious  tumoi 
or  grauulomiU!. 

Amyloid  Degeneration.  [Infiltration— En] 
A  ntimlHT  of  ili><ri'TH>ritt i vf  pmcfsses  in  the  lindy 
sccom|iaiiiuil  by  llic  roriiijilion  of  hyaline,  giai^s-like  sul 
stances.  These  substanees  may  be  formtxl  wilhin  the 
cells,  pn  that  when  the  toU  breaks  down  they  are  lilxrate*!, 
or  they  may  rcprt*ont  external  pnKluct*  of  ceils,  or  they 
may  ix?  dia-^olvwl  and  circulate  in  the  blood  as  abnormal 
const itnents,  imd  under  eertain  ciroumstances  lie  iiep<isited 
in  the  ti8s»e»<.  S»  far  the  ehemic  composition  of  tlii-se  siib- 
Btancofl  has  never  Wen  finite  positively  determined ;  all  tli 
isdoflnitcly  known  is  that  they  represent  albuminous  ImkHi 
and  the  vaHntis  forms  of  de(renerations  here  referre*! 
ate,  therefore,  known  as  albuminous  degenerations.  A 
them  t!ie  most  important  is  amyloid  degeneration,  \vhi<'lr 
was  first  nernrntely  described  by  Vin'how  and  n-gimlcd 
by  him  as  a  formiition  of  cellulose  within  the  animal  l)miy 
[hence  the  name  "  .imyloid," — Kl>-J-  Before  his  time  the 
priKjess  was  j;eiu'ndly  known  as  "  \  erhol/.nnfi"  (Bonetns), 
or  "  hacoiiy  di-gt'Menilion  "  (Rokitansky).  Fricflrieh  and 
Kpknl6  demonKtraleil  ihe  nlbnminons  nalnre  of  amyloii" 
eulmtantH-    umi    in    recent    times   it    was    discovered 
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&rakow  that  amyloid  consists  oF  a  combination  of  an   i 
allitimiuouH  imdy  willi  cJinntlroitiii-sulpliiiric  acid. 

The  nalied-eye  appeamncp  of  amyloid  stiliHtance,  when 
extensively  deposited  in  the  tissues,  is  quite  typical.     It 
is   a   solid,  dry,  waxy,   transiiareiit,    iiloodlcse   material. 
When  present  in   abundance,  it  may  be  recognized  with 
tile  naked  eye  by  the  i^xiin   i-eaction,  which  is  mentioned   i 
by  Virchow.     If  the  cut  surface  of  an  organ  the  seat  of   ' 
amyloid  degeneration,  ailer  careful  washing  to  remove  the  | 
blood,   is   brought   into   contact   with   tincture  of  iodin 
(Lugol's  solution),  the  amyloid  ptirtinns  take  on  a  ma- 
hogany-brown or  brownish-rai  color,  fiirmlng  a  distinct 
contt^ast  to  tho  remainder  of  the  tissue,  which  is  stained 
yellow.     It  is  with  the  microscojX'.  however,  that  amyloid 
degeneration  is  most  Bu«*8sfully  demonstrated  with  the 
help  of  certain  spw-ific  reactions,  even  in  the  initial  stages 
and  when  the  disease  is  very  limited  in  cxlent.     The    , 
most  imiwrtnnt  of  these  reactions  is  that  witli  iodin.     By 
treating  a  recent  specimen,  or  tissue  hardened  in  alcohol,    , 
with  tincture  of  iodin,  after  removing  tlie  bliHHl  as  well 
aa  possible,  until  all  the  normal  tissue  jg  stained  an  intense  | 
stnnv  yellow,  the  parts  affected  with  amyloid  degenera- 
tion appear  fii-st  as  brown,  then  brownish  red,  and  later  as  j 
red  dots  and  linos.     In  severe  raises,  if  the  treatment  with   ' 
iodin  is  eoniinued,  amyloid  often  takes  on  a  violet  tint.   The  . 
addition  of  ililute  sulphuric  acid  to  tiie  preparation  givea  \ 
A  dark  violet  i>r  black  stain  :  instead  uf  sulphuric  ucid,    i 
cfalorid  of  zinc  may  also  Ijc  used,     A  number  of  aniliu 
stains,  when  brought  in  contact  with  cut  sections,  yield 
tyjHcal  reactions.     Methylcne-violet  iiiid  iwlin-violet  stain 
tile    amyloid    substance    a    nihy    red ;    iodln-green   and 
loetliylene-green     give   a    niidish-violet    color    with    the 
amyloid  subslaiice.      What  luis  Ix'eii  sniil  nljout  glycogen 
applies  equally  to  amyloid  sul>stanee — namely,  the  reae- 
tioDB  are  not  equally  diMinct  in  every  portion  of   the 
IxkIv.     It  may  lie  mentione<i  also  that  amyloid  mves  the 
xjuithopn iteiu   n-action   (yellow  color   with   nitric  acid); 


.cI.   it   is  (li^',^ 

readily' soluble  in  lryji-lo. 
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The  amyloid  mib»tuiicc  may  bt'  diffused  throughout  the 
body  or  strictly  localized  in  a  certain  ri>gion.  Opiiiions 
have  long  differed  in  regani  to  the  mode  of  its  formation, 
as  well  as  its  dii^tribution  among  the  various  tisHuen  of  the 
body  that  are  subject  to  Hmyloid  degeneration.  The  infil- 
tration nf  the  iMxIy  or  of  individual  vital  organs  with 
uniyloid  subHtanee  may  bo  so  intense  as  to  utnse  the  com- 
plete dis)ip|)eii ranee  of  the  specific  cellular  eonstituents  of 
the  oipui  and  work  the  greatest  possible  functional  injury. 
It  \s  evident  from  sdl  we  know  of  amyloid  degeneration 
to-day  that  both  its  formation  and  its  distribution  are  ex- 
clusively extracellular — tliat  is  to  say,  the  cells  of 
organ  arc  never  attacked  by  the  degenerative  pnieess, 
all  the  changes  thev  show  are  merely  seooudury.  A« 
cordiofj  to  von  KcckUnghatisen's  view  in  regard  to  tl 
formation  of  amyloid  suostanee,  a  homogeneous  niat^^i ' 
is  extruded  from  the  cells  of  the  organs,  and,  coming  io' 
contact  with  the  l>ody-juices  and  indirectly  with  the  blood, 
swells  up  like  lumps  of  mucus.  This  maceration  is 
attended  by  clumping  and  the  formation  nf  tmbeeulie  or 
reticular  structures,  and  sometimes  by  the  formation  of'J 
membmncs  or  tubes.  Act^rding  to  this  view,  the  pi 
is  s  kind  of  cfiagulation  compHmble  to  the  format! 
fibrin.  According  to  other  authors,  however,  the  fornm- 
tioD  of  amyliiid  sulistance  is  due  to  the  escape  from  the 
blotKl  of  an  albuminous  body,  which  is  incapable  of  being 
further  decomposed  in  the  oi^ns  and  is  converted  into 
amyloid  substance  by  contaet  with  ch  on  droit  in-sulphuric 
acid.  It  has  also  been  Iwlieved  that  certain  preliminary 
stjiges  of  amyloid  material  occur  in  the  body,  among  whicn 
hyaline  substance  is  the  most  imjuirtant ;  there  is  no  doubt 
that  both  hyaline  and  amyloid  degeneratitm  [change, — 
Ed.]  are  sometimes  demonstrable  in  the  same  oi^n. 

Amyloid  change  always  Ijegins  in  the  connective  tissYie, 
more  particularly  in  the  vascular  walls  of  the  affected 
oi^ns.  This  preference  fur  the  vascular  walls  si^gested 
that  the  substance  was  derived  from  the  blood ;  it  is, 
however,  the  media,  and  not  the  intima,  of  the  smaUj 
arteries   that  ia  Brst  attacked ;  the  spaces  between  tfa^ 
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L  muscIc-cclls  are  filled  with  gla^-^v,  triinsliieeut  muU-rial  i 
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n'^lwl  to  Olio  si(|p, 


.■<!  firwt,  while  the 


or  at  li>:i-i   tlir   .i-iili'li ,   MKiv  {MTsist  for  some  tiiuf. 

Amyluiil  -iil>.-taiiiv  il.'|i.>-it-  ii.-rll'  in  tlie  tissue  elements  I 
iu  the  lulluwiii^'  (inl.T  ol'  IV.  ruirni-v  ;  .«riiiioth  anil  <«iriatHl    ' 
muscle,  ccmiicctivi'  li^Mi'.'  mI'  i|ic  livn-  iu\>]   kidiiry,  sjilcen, 
lytuphlltic  glunils,  ,-ii|>r:ir''ii;il  .■;i]ir-iilrs,  \\w  villi  -it'  llie  in- 
teetucs,  stomarli,  iiicni,-,  and    hear!.      Auiyluid  <ItigeDora- 
Ltjon  is  never  olistrwd  in  the  epidtTinis  or  iu  the  glands  : 

of  Uie  skin,  in  the  Itiitgr*,  Ixtnes,  or  nervous  tissne.  Amy- 
i'loid  (legcnoration  nuiy  iilso  altuck  nr'>|ilnHms  moro  or  less  { 
I  extensively,  fs|KriaIly  tliusc  nliicli,  llkt'  fibromata,  are 
I  made  u\y  diii'lly  nl'  -limi'iiiv-'  li^siic,  whifh  in  itself  pos- 
I  Besses  a  teiidi'iicy  li'  tln'  tni'ijialiuii  nf  lnnHiij^-neous  mfLsses, 
I  8cun)  may  altJj  iindiTf,"!  auiylnid  d('t;L'in.'i-;itkjn. 

In  almost    all    o;iaeri  of  ariiyloid   dpgfnenilion  certain 
i-ciironic  disorders  ap«»pial(il  with  a  severe  (jnide  of  anemia 
land  the  continuous  loss  of  allitimin  are  present  and  repre- 
I  flcnt  the  indirect  cause  of  the  degeneration.     Among  these 
I  tbe  mort  imjiortant  are  chronic  tuberculosis  of  the  Inngs   ' 
Ksod  »f  the  iMines  and  Joints,  chronic  syphilis,  suppnra- 
piliotH  in  the  intrytin.d  riinal,  cpprfially  ehronic  dyaenterj', 
Hlaria,  cachexia,  :iiid  nK-iralivc  ''arriri'>'nal<>us  neoplasms 
n  the  stomach  and  in  tlic  im-rnal  Ivinalc  jrcidlalia.    Amy- 
loidosis is  also  i>Ks(Tvcil   111  cliriiiiir  iirplirilis,  in  chronic 
xiholism,  in  knikcmia,  and  in  p:^eudoIenkciriia.     In  rare 
B  it  is  iniposfiihle  to  demimstrate  a  primary  causal  dis- 
I  but  even  in   the^  cases   the  individuals  are  in  a 
^rave<l  state  of  nutrition  fmni  unfavorable  conditions 
B«f  life,  or  they  aR'  cases  of  senility.      Several  experi- 
menters have  sMWcrnled  in  producing  ainvloid  degeneration 
cially  ill  animiils  by  admin  loitering  pus  taken  from 
(varies  of  Iwnes  (Bircli-nirw-hfeld),  by  repeJited  inoculation 
with  living  staph vlococcus  cultun's,  dead  staphvlococci,  or 
with  pntrefaclive  material,  or  hy  kii-ping  up  suppuration  for 
tweeksat  a  lime  by  moans  of  irritjuils,  os|)C(;i.iiJlv"'' 
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In  rcgartl  to  the  histologic  examination  of  the  individi 
oralis  that  are  subject  to  amyloid  diseaup,  thow  whi 
interest  iis  most  are  tljc  lai^e  part'ncliymatoiis  ot^nns. 

In  the  liver  it  is  almost  always  the  so-called  inter-' 
mediary  zone  of  the  acini  that  is  attacked.  The  substance 
is  deiMiMitod  in  homogeneous  lines  between  the  cndotlielial 
tube  of  the  portal  cnpillaries  and  the  cords  of  liver-cells ; 
the  linear  masses  txwdesce  to  form  larger  bands,  which 
gradually  become  thicker  and  increase  the  distance  be- 
tween tic  wall  of  the  canillary  and  the  liver-cell.  By  pro- 
gressive thickening  of  these  amyloid  bands,  which  extend 
both  toward  the  central  vein  and  towani  the  peripheral 
zone  of  the  acini,  the  blood-vessels  and  piirticidarly  the 
liver-cells  are  more  and  more  oonipressed.  The  oompres- 
sion  of  the  liver-cells  goes  on  until  they  are  rcduped 
narrow  ridges  and  their  continuity  is  broken  at  the  point 
where  the  amyloid  substance  presents  the  greatest  ao 
mulation.     At  tlie  same  time  they  are  usually  attacked 

ftrofound  fatty  degeneration,  which  results  from  tbe  inf( 
prenee   with   the   oxidative   processes.      Ultimately  t 
liver-i-ells  may  break  down  altogether  in  place?,  and  the 
amyloid  substance  may  form  broad  rings  at  some  distance 
from  file  central  vein,  within  which  the  endothelium  may 
for  sonic  time  continue  intact  and  easily  denionstrabli 
even  when  the  liver-colls  have  been  completely  destroy) 
in  many  places.     The  process,  of  course,  results  in  e 
largement  of  the  oi^n  with  increase  of  its  consistem 
and,  owing  to  the  compression  of  the  blood-vessels,  pi 
found  anemia  of  the  tissues. 
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vascular  coil  undergoes  degeneration  while  tbe  rest  rem) 

quite  intact,  or  the  process  may  involve  seveml  of  1 
lis  at  once  and  only  a  uingic  one  escnjic  for  ii  lung  tim* 
p  depoaitJon  of  the  substance  within  BowrainV  capsul 
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eventually  lead^  to  tiieir  oblitiTiition,  and  u  ik'»]u:iDiHtk>ii 
nf  the  epithelial  cells  into  thv  oapaiile  takes  pliiee.     The  j 
'  cells  uiidei^  iatty  degeneration,  are  destmyeil,  and  car-  -f 
ried   away  in  the   nriiie;   finally,  in   the  last  stages  of 
amyloid  degeneration,  every  veetige  of  a  nucleus  disap-  J 
jwars  and  the  glotnerulus  represents  a  more  hollow  striiu-  i 
ture,  containing  a  few  aatiengc-xha]>ed  masses  of  a  glassy  7 
material  wliich  gives  the  well-kniiwii  reactions  and  wtiich,  1 
by  its  amingement,  betrays  its  origin  from  the  fragmented  ] 
vju«'iilar  cfiilf.     It  is  probable  that  fragnientH  of  amyloid  j 
may  st'parate  from  the  glonienili  and  be  wastied  into  the  ] 
lumoii  of  the  iirinifenms  tubules,  for  in  kidneys  the  seat  I 
I  of  higher  gnules  of  amyloid  di^gt-neratiou  caste  are  some-  1 
I  times  found  in  the  nrinifenms  tubules  with  a  well-pre-  1 
i  served  epithelial  lining,  and  giving  the  amyloid  reaction. 
The  amyloid   sulistaiiw  may  also  de[H)Mit   itself  in   the  I 
tuni(!8  propria  of  the  uriniferinis  tiibutiw.     TIil-  amyloid  ' 
bands,  rings,  and  eylindfrs  pii^h  their  way  in  Ix'tween  the 
tunic;!  propria  and  the  desquamatetl  epithelial  cells,  and, 
as  they  increase  in  size,  compress  the  (Mirenehyina,  as  in 
the  case  of  the  liver,  and  cause  its  destnictinn,     Amvlniil   [ 
d^encration  of  the  glomeruli  and  of  the  small  art-Ti 
regularly  accompanied  by  fatty  degeneration  of  the  epi-  J 
theliiim  of  the  unnifemns  tubules. 

In  the  spleen  the  venous  oipillarics  first  fiill  a  prey  to  ] 
amyloid  df^neratiuri.      Later   they  are   converteil    into  1 
hnwd,  glistening  homogeneous  bands,  with  the  cndothdiiil  ] 
cells  pnijectuig  into  their  lumen.     As  the  amyloid  aul>-  ' 
I  stance  increases  the  pulp  is  compressi'd  more  and  more  and   ' 
L  fttrophies,  the  amyloid  hands  may  coidcsc*.',  and  often  the   ' 
I  follicles  alone  remain  as  mere  cireular  gaps  in  the  amyloid 
f  ground  sultstunce.     The  pulp  becomes  solid  and  presents 
a  rough,  glistening  appearance  (biicon-spleen,  ham-spleen), 
and  is  exoee<liugly  anemic.     On  the  other  hand,  amyloid 
d^eneration  may  develop  chiefly  within  the  follicles',  the 
bands  of  amyloid  wtihstatire  jittaching  themselves  to  the 
petieulnra.    The Ivmph-i-,lls ari' cmipressed and  ultimately 
disappear  nltogetiier;  and  on  ihe  nit  surface  the  amvhjid 
1  sobstance  disphieing  ihi-  .\I:iI|)iL'liiun  ci.r]iii.''c]es  eland's  out 
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PLATE  1^ 
Fm,  1.— Amylflld  Bodies    In  the  Prostrate  (nmi 

diluteU  glundiilHr  spifis  iu  tlio   J)r^)^lruU,'; 

Fki.  2.— Amyloid  OeEeneratlon  of  the  Kidney  In  Chronl 
Pulmonary  and  Intestinal  Tul>erculosis  ^i<Mliii-L;ii'i'ii.    ■  UMifJ 


whU   di-ii 


..(,iU,d 


L'dK; 


I'limmittii'tilly  sluiixili    vunciiUir 

Kifiyluid  di>guni.'nitJun ;  3,  inUil  i  pillniiul  clU  in  Uin  viiM'iilur  i-tiiU, 

Fill,  a.— tHffuse    Amyloid     DeKeneniUon    of    the    5pleen 
(B«c«n-<pli!eu)  {iieirmt.-cifin.     -.  aiK3.|:  1,  FolIJi^k* ;  2,  blwd-vt 
of  the  pulp,  lliQ  wulU  uf  wliicb  liuvu  undurguiiu  muyluki  di 
tion :  i,  pul;r4)iut-uB, 


iplKT 


■n). 


s  which  have  bwn  likened 


in  Iriins]! 

bilil<>.l  .:.; 

Ill  tliL'  /'■■■irl  till'  ;imyliiid  lmn(]!<  are  seen  in  thouiedi 
sizi-d  iiii<l  fiiiiiillLT  jirtcrifH,  subwitiiienily  spnwiing  to 
intvi^tilial  cmmwtivc  tisBiie;  when  very  thick,  they 
compreaa  the  a<tjoining  Diiisauhir  tisane,  and  rattnc  it 
undei^  atr(ii>hy.     In  the  fatty  tissue  the  memhranoi 
cajwuleB  of  the  fatMM;lIs  in  tmnsvcrse  ee<-tious  am>ear 
imiiVirm  ringn,  owing  to  the  infiltration  Willi  amyloui  snb- 
ntJiDiy.'.     The  hiinen  of  thi^e  rings  iv)ntraetK  more  and 
more  until  the  lat^lnip  tinally  disjijijiearfi  altogether 
the  entire  (at-eell    in  eonvertwl    into  a  sphe 
amyloiil.     In  the  iiiiiseles  the  arayhiid  sulistanee  i^i 
ehiefly  in  the  internal  perimysium  and  in  the  tu]rtx)lemi 
the  sarcolemnia  tulies  undei^)  oono-iuric  hrondeiilng, 
contractile  wilwtanoe  of  the  sarcopla^m  disai)pearing. 

Amyloid  degeneration  is  not  always  distributed  e()iial!_ 
throughout  the  Iwdy ;  it  may  lie  localized,  as,  for  example, 
in  the  formation  of  tumor-like  de[K)sit«  in  the  eonjnnetiva, 
ettpccinllv  In  trachomti-like  prolifersilions;  on  the  tongue 
and  in  tfie  upjHT  air-iKissages  ;  in  the  larj-nx  and  traeliea^ 
["amyloid  tumors.'' — Ei).].  These  local  depiwts 
amyloid  may  later  l>e  invaded  hy  giant-celU  and  iimh 
spuntanoous  diK^oIiition.  so  that  amyloid  frjigmcnts 
aes  found  imWddeil  within  leukocytes. 
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Finally,  amyloid  substance  may  be  ul;)stTvc(l  in  the 
rm  of  toiit-rctions  in  tlic  bocly.  The  ftrnctupew  are 
t^rniilor,  lingular,  or  wavy  in  outline,  aud  in  croKS-scclioiis 
iliibit  a  distiiietly  coneeiitiic  lamellution.  Tliey  arc  ob- 
cd  chiefly  iu  the  central  nervous  system,  espwially 
liu  d^eiienited  jmrtiouij  of  the  «[)iiiiil  cord  and  in  the 
^>endyma  of  the  ventricles.  In  the  prostiitt;  lluy  may 
jflttaiu  a  gr«it  size  and  may  even  l>e  visible  In  the  naked 
eye  in  the  furm  of  bntwnish  granules  (Plate  14,  Fig.  1), 
They  also  occur  not  rartily  in  the  lung?;  (I'ltile  13,  Fig,  3), 
usually  in  chronic  inflammatory,  indurative  prowanes;  i 
within  the  remains  of  infarcts  and  in  emphysema.  Alt 
these  structure;!  are  fi>rmed  by  the  a^lutinatinii  nf  wlls, 
cepecially  epitlielial  cells,  us  may  l>e  seen  in  serial  stvlions 
of  the  jinislatc  gland.  Tin- <vnUT  of  the  iormatii.n  may 
cuntain  uirpuscular  elements,  dead  cells  or  nuclei,  hema- 
tnidin  crystals,  and  the  like,  which  in  some  way  have  been 
{□cliidt'd. 

Among  these  amyloid  IkkIics  we  distinguish  the  corpora 
ver»ieo(orn4a  (Siegert),  which  i^tain  brown,  red,  and  violet 
when  treated  with  tincture  of  iixlin  and  sulphuric  acid, 
■and  the  corpora  fara,  which  arc  stained  a  unitbrni  yellow 
by  tincture  of  imlin. 

Mucoid  Degeneration. 

Mucoid  dcgenfraiion  fiiuh  ils  physiologic  prototype  in 

the  normal  formiition  of  mucus  in  the  uiueouK  glandii,  on 

the  mucous  membranes,  iu  the  connective  tissue  of  tendons, 

in  bnrsse  and  synovinl  membranes,  as  well  us  in  Wharton's 

» jelly  in  the  nmbiltcid  eord.  The  snbeiitiineons  cellular 
tu<sne  of  the  fetus  also  contains  a  large  quantity  of  mucus. 
Th«  presence  of  mucus  is  demonstrated  by  means  of 
the  mucin  reactions;  mucin  is  not  coagulated  by  boiling: 
it  is  precipitated  by  acetic  acid  and  dilute  mineral  acids, 
•nd  rediB8olve<I  in  an  excess  of  mineral  acids.  The  sub- 
Bljince  is  precipitated  with  basic  lead  aeetate.  It  is  dis- 
tinguished from  albumin  iilsn  by  the  fact  that  it  is 
preeipiluteil  by  ferric  cblnrid,  copper  sulphate,  merei 
I        tihlond  ur  silver  oitruU:,  but,  like  geuutne  ulbumin,  it  . 
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PLATE  u.  1 

Flu.  I,— Mucoid  D^eneratlon  of  Carcinoma  C«)Ib  in  Oeiat- 
InouB    [Colloid]    Carcinoma  of   the    Stomach 


t  Bpheres ;  4,  I'rt 


=,,1,. 


FiQ.  -J.— Mucus-formation 

the  Ovary  (Httnut  H'i«iii_      x. 
2,  Uiil  cvliiiilrit.'  •.'jnllK'liul  i--«Jls; 
tmclei  i,r  yol,lpU.'> 
ri.tli'ii 


a  Papillary  Cysladenoi 

I'lHsiii-  X  0^5.):  I,  Conncctivc-tiiMUu  6tr 
.'liiil  ceWi;  H,  thu  butica  of  gubU't-vellH ;  i 
L'<iiii{iniasi<d  at  tbpjr  uppvr  puk  b,v  fphi-p 
Luniul  buir  uf  Ibe  gr^blut-ivlU ;  U,  frue  iiiuuoid 
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Fio.  a.— Colloid   Formation   in  a  Parenchymatous  Ooitnr  ] 

{Hpniat-eoain.  ^  027,):  1,  Walls  ..f  gUnUulur  hIvl' 
prwwrvcd  I'piUiuliuMi ;  2,  (>urtially  deslroyed  epitbi-!ii; 
g«Beou3  (.■(lUciid  tlliu<£es ;  i,   vxwaolva  witbin  tbe  iuttiT 

Fiu.  4.— Colloid-formation  in  a  Contnuled  Kidney  (Aluml 
cuvhinul-nigrusin,      x  280.):   Urinit'urum  lubuliu  filled  vvillj  itiljul' 
CBsls ;  2,  djlalnd  nad  cystic  urinircrous  tuliulca  coiitiuning  lurgo  in 
of  cuUcid  niHteriBl ;  8,  epitbeliki  raiiiairis  ur  the  urinireruus  tubulcsfl 
4,  vituunia   in   the   colluid   moMcc;   &,  nuL-lcur   ronmini   imprUoni 
within  the  colloid  mnterinl ;  6,  glomeniluB. 


giveu   tiie   xaiithoproteid    reaciion.      Mucin    contains   a 
amall  quantity  of  Hulplinr  and  nitn^n  and  ia  free  from^ 
phosphoniw.     Some  varieties  of  mticin  are  entirely  ft 
from  sulphur.     A  bojy  wliioli   is  closely  related  to  tl 
latter   fi>rm  of  mucin    is    known    aa  pxeudomm 
morpliiilu^ically  undistinf;uisliablc   from   mucin,  being  a 
stringy  substance,  but  it  is  not  prcclpilated  by  acetic  acid. 
With  licmatoxylin  mucous  substances  usually  stain  a  pali 
grayish   blue    to   intense    blue.     In  the  epithelium  the. 
formation  of  ninens  normally,  as  well  ae  pntlinlogicallyi 
talces  place   through   the    ajtenoy  of  the  wMailed  yo6^( 
celU.      These  usually  are   clnb-shapcd,  the   narrow 
trcmlty  beinp  directed  inward  the  underlying  tissue 
the  dilated   moutti    toward   the  surface.     Thi>  formntii 
of  mucus  takes  iduf^  regularly  in  the  upper  half 
oellB,  which  is  directed  toward  the  lumen  of  the  coi 
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mding  canal.  It  would  appear  that  some  constitueiita 
nurleuH  are  utilized  by  the  cell  in  llie  formation  of 
Tliiae  portioiifl,  which  csi'a[>e  from  the  nucleus 
isist  of  achromatic  substaucus,  are  known  as  hyalo- 
After  their  escape  into  the  cell-lxMly  they  become 
itly  BWoUen  and  uhimatcly  give  off  spheric  masses, 
•h  are  always  divided  from  the  rest  of  the  protoplasm 
iie  cell-body  by  a  sharply  defiued,  peripheral  border- 
line and  are  known  aa  mucous  spheroids.  As  a  rule,  the 
nuclei  during  this  process  of  mucin  production  uiidei^  a 
definite  change, — j'.r,,  tlicy  are  usually  displaced  toward 
the  base  of  the  cells  ;  the  pressure  of  the  mucous  masses 
causes  a  circuliir  depression  at  the  apex  and  a  general 
flattening;  sometimes  a  pale,  delicate  strip  projecta  into 
the  ball  of  mucus  (Plate  14,  Fig.  2).  These  intimate 
relations  between  the  nucleus  una  the  mucous  splietx>ids 
recall  the  close  chemic  similarity  of  mucin  and  nuclein. 

Ultimately  the  ma.sses  of  mucus  cause  the  surfnce  of 
the  ceil  to  bulge,  nipturc  takes  place,  and  the  spheres  of 
mucus  esoai>e  to  the  outside  and  deposit  themselves  as 
roundish  structures  or  confluent,  stringy  miisses  on  the 
anrface  of  the  mucus-producing  epithelium.  After  their 
icoation  the  cells  coalesce  and  sometimes,  but  not 
■ays,  die.  It  appears  to  he  possible  for  the  cell  to  Iw 
mstrticted  from  what  remains  of  the  protoplasm  and 
of  the  nucleus;  sometimes  division  of  the  nucleus  takes 
place  before  the  escape  of  the  hyalopomes.  In  addition 
to  the  goblet-cells  there  are  always  other  cylindric  cells, 
in  which  mucoid  metamorphosis  has  not  reacheil  so  high 
a  degn-c.  It  is  probable  that  any  epithelial  cells  may, 
under  certain  circumstances,  be  converted  into  a  goblet- 
cell  :  thas,  for  example,  in  animals  after  experimental 
poisoning  with  pilo<«rpin  a  very  copious  formation  of 
goblot-cells  is  sometimes  observed. 

In  pathologic  conditions  the  formation  of  mucus  usually 
implies  the  genesis  of  goblet-ceils,  just  as  normally,  ex- 
cept that  production  of  mncus  is  much  more  active ;  the 
mucus-cells  are  cioselv  packed  in  a  snmll  space  and  pro- 
lUCe  large  masses  of  miienr^.     The  processes  liescribetl  as 
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aitarrli  are  all  oliaracterized  Iiy  tliis  increase  ia  the  fori 
tion  of  ^iblot-cells    in  the  affected    mucous  niembmnGs. 
At  tlic  »imc  time  leukocyte:^  accumulate  unJ  force  their 
way  through  between  the  epithelial  cells  and  enter  the 
mucu^.     The  leukocytes  themselves  may  undergo 
df^neration  after  their  death. 

As  in  calarrh,  ao  also  increatted  fnrmution  of  niui 
may  take  pluce  In  a  number  of  epithelial  ncopl) 
through  the  agency  of  goblet-cells,  especially  in  adenomata 
of  the  intestinal  canal  and  cystic  or  papillary  adenoma  of 
the  ovaries.  In  the  latter  organs  enormous  masses  of 
mucus  sometimes  accumulate ;  hut  as  these  masses  usually 
fail  to  give  the  acetic-acid  reaction,  they  probably  repre- 
sent pseudomucin.  In  carcinomata,  also,  the  parenchyma- 
tous cells  of  the  tumor  quite  freiiuently  undergo  wide-spread 
mucous  degeneration  ;  the  processes  may  even  be  primary, 
so  that  every  epithelial  cell  fivra  tlie  b^inniug  undergoes 
mucous  metamorphosis  gelatinous  [or  colloid]  cancer) ;  or 
a  secondary  mucous  degeneration  of  individual  nests  of 
epithelial  cells  may  take  place.  The  condition  is  usually 
accompanied  by  the  formation  of  large  cystic  or  Killoon- 
like  cells,  within  which  the  paraplastic  mucoid  mass  la 
collected  in  the  form  of  numerous  spheroids,  while  the 
cell-proto])Iafim  is  re<luced  to  a  few  delicate  strands  and 
threads,  and  the  nuclei  to  narrow,  crescentic,  or  sickli 
shaped  structures  pressed  against  the  cell  wall  (Plate 
Fig.  1). 

Mucoid  metamorphosis  is  not  hy  any  means  confi 
exclusively  tu  epithelial  cells.  Under  pathologic  con- 
ditions it  may  occur  In  the  connective  lissne,  converting 
the  same  into  a  gelatinous  mass  which  shows  the  greatest 
likeness  to  Wharton's  jelly  in  the  umbilical  cord.  In 
this  variety  also  the  splndle-shapetl  connective  tis-sue  cells 
excrete  mucous  spheroids  which  collect  between  the  cells 
like  an  intercellular  substance  and  coalesce  to  form  a 
homogeneous,  mucoid,  stringy  mass.  As  a  rule,  the  cells 
retain  some  organic  connection,  the  cell-bodies  anastomo- 
sing by  means  of  club-shaped  processes  which  gradually 
widen  out.    In  this  way  the  spider-wcli-likc  and  radiating 
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ictures  so  churncteristii;  of  so-callod  nivxomatoiifi  tissue 
turiued.  Myxomahius  tlt^gciieiutiou  of  giiU^utaneous 
Loctive  tissue  is  sometimes  tound  extensivoly  in  cases 
coDgenital  absence  ol'  the  thyroid  gland,  in  atnipliy  of 
10  clund,  or  after  its  eoinplett'  operaiive  TL-moval.  This 
cundtlion,  which  is  associateil  witli  other  degenerative 
symptoms  in  the  nervous  system,  is  designated  myxedema 
(cachexia  ^rumiprivai.  Circumscribed  myxomatous  de- 
generation of  connective  tissue  may  occur.  In  advanced 
age  myxomatous  degeneration  i&  sometimes  observed  in 
tat,  cartilage,  bone,  and  even  in  the  marrow  of  bone.  It 
'  of  course,  attended  by  considerable  diminution  in  the 
tistence  of  the  respective  oi^ins, 
la  order  to  demonstrate  the  existeuoe  of  true  mucous 
Fegeneration  it  is  necessary  to  prove  by  chemic  mi-ans 
that  the  intercellular  substance  really  consists  of  niut-in. 
Very  freijiientiy  the  swelling  of  a  tissue  from  the  accumu- 
iion  of  eilcmatous  fluid  is  erroneously  designated  mucoid 
irnenitioD.  The  only  change  here,  however,  is  a  more 
!usiv6  serous  intiltratioD  of  the  tbsiies,  forcing  the 
lular  clGmentaof  the  connective  tissue  apart,  ana  thus 
bologieally  often  simulating  mucoid  tissue. 
tJlucoid  metamorphosis  is  often  observctl  in  connective- 
le  neoplasms.  Myxoma  is  a  tumor  whicli  consists 
ely  of  mucoid  tissue.  Fibromata  and  chondro- 
ita  may  also  undergo  mucoid  d^eneration,  and  finally 
ithelial  tumors,  especially  carcinomata,  may  present 
imscribed  myxomatous  degeneration  confined  to  the 
luective-tissue  stroma. 

Colloid  Degeneration. 
:  term  colloid  is  applieii  to  material  which  maero- 
scopieallv  appears  as  a  browni.fh,  transparent,  tenacious, 
and  sticky  substance,  of  the  appearance  and  consistence 
of  half-hardened  glue ;  hence  the  name  wtlloid,  from  cofla 
-~  glue.  But  little  is  known  in  regard  to  the  ehemic 
nature  of  the  substance  [or  substances. — Ed.1  except  that 
it  is  to  be  regardefl  a«  a  iinrmnl  pn)duct  of  the  gland- 
r  alveoli  of  thv  t^'   ■  ' '   ;1    ■i  :inij  has  c 
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reliilions  to  the  active  priiiciitle  of  this  gland,  iodnthynn. 
Outside  of  the  tliyroid  gland  cwlk)id  ocuiits  normally  in 
the  hyiwphysia  of  the  (*rebriini,  in  the  seminal  vesicleH, 
in  the  pnwtate  gland,  nnd  in  the  suprarenal  bodies. 

Colloid  iH  absolutely  ineoluble  in  hot  and  cold  water  as 
well  as  in  alcohol  and  ether.  When  it  is  boiled  with 
water,  it  does  not  yield  glue.  From  mucin  it  i»  dis- 
tinguished chiefly  by  its  behavior  with  acetic  acid,  which 
first  causes  it  to  swell  and  then  dissolves  it  completely. 
It  is  also  completely  dissolved  by  weak  hydrochloric  acid 
and  it  swells  in  alkalis.  The  xanthoproteid  reaction  is 
positive;  tlie  tinctorial  reactions  of  the  subntance  are 
variable. 

T.ludcr  pathologic  conditions  colloid  may  be  produced 
in  great  excess  in  those  organs  in  which  it  occurs  iiormtilly, 
or  it  mav  be  produced  in  oi^ns  which  do  not  mimially 
harbor  the  material.  The  former  condition  is  seen  in  the 
thyroid  gland  in  so-tailled  foUo'ui  ffoifer  [Mrunia  eaUoidat), 
The  glandnlar  alveoli  are  greatly  dilated  and  contain 
spheric  masses  of  gelatinous,  colloid  material,  which  may 
attain  the  size  of  a  pea.  The  entire  gland  enlarges 
greatly  and  sometimes  gives  rise  to  alarming  pix^eure- 
symploms  in   neighboring  structures.     As  the  result  of 

fin-s.«un.'  of  the  accumulated  colloid  masses,  the  epithe- 
ium  in  many  of  the  alveoli  appears  low,  Hat,  and 
ntrophic.  The  spheres  of  colloid  in  transverse  section 
look  like  homogeneous  hyaline  discs,  except  for  small, 
cyst-like  vacuoles  in  the  maiginal  portions.  Somiv 
times  des(juamated  epithelial  oefla  or  wandering  leukgh- 
cytes  are  found  in  these  vacuoles.  In  the  relatively 
normi-d  portions  of  the  gland,  where  the  e-avities  are 
still  small,  the  increased  colloid  formation  is  readily 
recognijted.  The  pmress  must,  indeed,  be  regarded 
as  the  result  of  a  cellular  metamorphosis.  The  colloid 
substance,  like  nincin.  is  pn«luced  in  the  form  of  spheroids 
in  the  peripheral  half  of  tlie  cell  dircrtcti  toward  the 
lumen  of  the  alveolus;  after  its  escj||)0  from  the  cells  it 
form.4  a.  homogeneous  n),'iss,  an<I  on  coagulation  assumes  the 
»v!l-kiio\vn,    semisolid,    glue-like    consistence.     In    the 
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Idneys,  colloid  formation  oi'curs  clii<;fly  in  clirouic  in- 
fiammatory  processes,  wlieii,  owing  to  the  uxtetisive  cod- 
nective-tidsue  formation,  individual  uriniferous  tubules  or 
grouj»  of  tubules  are  isolateii  from  tlie  surrounding 
glandular  tissue,  Witliin  the  lunipn  of  these  tubules,  or 
more  rarely  within  the  lunieu  of  Bowman's  rapsules  after 
the  glomerular  coils  have  bceu  destroyed,  are  found 
masses  of  honiogeiieous  suhstauce  with  niimerousi  vacuoles 
in  the  mai^nal  zones  (Plate  14,  Fig.  4).  These  vacuoles 
sometimes  contain  desc|Unniatcd  cells  or  di^bris  of  cells, 
also  single  nuclei,  and  occasionally  red  hlood-cells,  8ome 
of  the  uriniferous  tubules  may  be  entirely  occluded  by 
the  colloid  spheres  or  cylinders.  As  the  colloid  masses 
grow  the  occluded  uriniferous  tubules  may  form  cysts  of 
itiui  size  of  a  cherry  nnd  prujwtitifr  above  the  .■iurtiice. 

Hyaline  Degeneration. 
Accordiug  to  von  Ktrklinfihuuscn's  delinition,  the  term 
byalin  is  applied  to  a  body  of  albuminous  nature  which  is 
distingui shell  from  tlie  substances  described  in  the  fore- 
going, to  which  it  is  related,  chiefly  by  its  api>earance, 
Its  homoffineous  character,  and  it'*  high  refractive  power. 
It  has  already  beeu  stated,  in  ctmnection  with  amyloid 
degeiicratiiin,  that  hyaline  dt^neration  is  sometimes  asso- 
ciatetl  with  it,  and  from  thi.'i  association  it  has  been  argued 
that  hyalin  may  occur  as  a  preliminary  stage  of  amyloid ; 
but  amyloid  degeneratinu  is  not  by  any  meauB  always  pre- 
ceded by  hyaline  degeneration.  The  liuctorial  reactions 
of  hyaline  subslaiice  do  ni>t  cnincidc  with  thow  which 
characterize  amyloid  maUriiil  ;  tlic  most  ini|)ortant — that 
with  iodin — is  libsi.Iiilely  iic[;;ilivi.-  \\illi  liy.ilin.  The  sub- 
stance is  not  ciiagulali'il  by  acid^ — nul  even  by  strong 
mineral  acids.  It  remains  unchanged  in  water  and  solt 
as  iu  alcohol  and  ether.  It  disHolves  in 
nically,  hyalin  is  difficult  to  characterize, 
V  is  even  less  definite  as  a  chemic  body 
d  colloid  material.  At  all  events  hyalin 
liniiuH  body,  but  it  is  proliable  that  the 
,  A-:  it  is  used  now  with  ourji 
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PLATE  n- 

Flu.  1. ^Hyaline  Degeneration  In  a  Qlomerulusaiid  HyalhM 
Caets  in  Chronic  Nephritis  ;ilmiiui.-o.MiN.  .  2H0. ) :  1,  VoMuIar 
mills  ut  n  [.'loiiitnilui  iri  a  i-lute  vl'  hyiilinu  dogeTiprntion  ;  2,  iiiitiul 
jmrlimi  nt  mi  iiridiUiri^uw  lubulc  willi  ili«|iiiiniiiU'd  pjiillhcliiinj ;  8. 
urinifnrmii  lulmlu ;  the  epitlicliiiiu  i^  ulmost  tiiiin-lv  jH«.[iiniimUNl  Hiid 
dogetienitiJ  ;  4,  bjnline  ciuH*  witliiii  llip  ennui. 

F:a.  Z— Hyaline  Degeneration  of  the  Connective  Tissue  la 
a  Corpiu  Pibrosum  Ovarii  (neiri(it.-t'..6in.  -  «B0.|:  1,  Ovnriiin 
Htri'inii ;  'i.  hl'K>il-vi:vi'U  In  cmsi^-sHi'tiuii ;  3,  ninneetive  tiaduc  iLo  seat 
of  hyalino  degotnTatiim ;  4,  conuectivii-twiiie  iiunlei, 

PLATE  i6. 
Fiu.  1.— Hyaline  Degeneration  of  aiomerull  In  an  OrganI 

Renal  lnfaretiU.-miiL.i.mt.g.i.    ,(i7.);  l.Si^wlvfi.p 
tissue  i   2,  constriotM]    rpmohift  of  uriTiili/rniis   tubulea 
glomerulus;  4,  flbroiu,  (piicric  masw-B  rcprcBeiiting  thn  furaier  glnni- 
enili,  with  hj-oliiie  tnni^iiial  mnre. 

Fiu.  2._Hyal1nc  Rhrfn  frnnta  Diphtheric  Pseudomembrane 
Of  the  Eplglotli-^     \  ,h  WHiKert'e  BbrinFtuin.    ■745.): 

1,  Hv-aliiii'bri.lLj  ■       iliii-librio  in  tliichclumps;  a.iiuclei 

of  necrolic  epiilii  .  .i  .  i,-  i  iiv  |pi.n.'bponiabJsU  r)f  ihe  nuclear  oralis 
lit  the  cells. 

knowledge,  emhmc^s  a  number  of  tiiibstanrc^  of  different 
chetnio  composition.  Tinctorially,  liynlln  is  distiQ^ulieil 
by  its  marked  affinity  for  the  acid"  anilin  dyes — eosiii, 
orange  and  acid  fiK'tisin ;  it  also  takes  n  deep  slain  with 
canniii  and  picrocarmin.  Hyalin  occurs  in  the  body 
under  a  great  variety  of  conditions,  and  evidently  origi- 
nntes  frora  a  variety  of  parent  sribstanees.  In  the  first 
plaoe,  a  dip^tinction  is  to  be  made  between  hyalin  of  intra- 
celliilur  and  hynlin  of  extracellular  origin. 

The  intracpl hilar  hyalin  is  usnally  subdivided  into 
epithelial  and  connective-tissue  hyalin,  ac^onling  aa  it 
originates  or  is  deposited  iu  epithelial  or  in  connective 
tissue.  In  the  former  case  the  cell  protoplasm  or  parta 
of  it,  under  the  influence  of  some  unknown  agent,  are 
CTinverteil  into  a  hyaline  substance,  whieh  escapes  fuUjr 
wl  from   the  cells;  (he  tenn  secretoryilegenera  " 
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^Hbyalin  is  accordingly  ust-d.     Fur  rxample,  !ii  the  kidneys 
^Hfai  the  form  of  spheric  and  cyliiidrU"  dmtoite,  this  variety 
cS  fayalin  occurs  afier  lotig-tuDtinued  degenerative  proc- 
•waes   in   tlie   epithelial    ceTb       The   ddate^l    tirmifemu'^ 
tabules,  which  ha%e  Wt  itart  oi   their  epiththil  hiiing 
{Plate  15,  Fig.  1),  art  fmind  hlled  wilii  an    dmoit  homo- 
geneous masg,  which  tikes  i  dtiji  simn  \Mth    icid  fuchMii 
and  the  rasu^iuof  whuh  niij  coulain  i  liw  isohltd  cells  or 
^^dt^brisof  cells.    Much  mon  tnqutntl^  livulin  i^bccnuhire 
^BBDnnective  tissue  has  been  newly  toroied  or  a  preexisting 
^HBDuneotJve  tissue  lius  tiiidcrgoiie  sclerotic   cluingeit ;   the 
^^EDnneotivc-tisBue  filwrs  are  unrcc^nizahle  and  their  places 
^^Ere  filled  by  gli^loniiig  fragments  or  convolut<^  musses 
^Hftrhich  olWn  attain  a  consideniblc  width.     The  connective- 
^HlisBue  cells  and  the  spindle-shaped  nuclei  have  either  dis- 
^^Tippeared  altogether  or  are  totind  st^ltercd  or  iirranged  in 
chains  between  the  hyaline  masses.    In  ihe  end  (lie  hyaline 
foci  form  hard,  dry,  glistening,  spheric  maeses  and  frag- 
ments wiiich  project  like  rubber  from  the  cut  aiirihee  and 
gpven   to   the   naked   eye  ofier  a  certain   rt-scniblance  to 
Mils  nodules,  n  r6seml)lance  that  la  confirmed  by  miero- 
»pic  examination.     It  is  found,  however,  that  the  sub- 
e  stains  more  deeply  with  the  acid  anilin  stains  and 
fhe  homogeneous,  gli.«teniiig  appearance  also  contrasts  with 
Ale  finely  granular  structure  of  eheewy  foci. 

This  hyaline  degeneration,  or,  to  use  a  betler  and  per- 
haps more  generally  descriptive  term,  "  homogenization," 
of  connective  tissue  frequently  takes  place  in  the  endo- 
cardium, especially  in  the  valvcts,  the  connective  tissue  of 
the  iotima  of  the  lai^  blooil- vessels,  in  cicatricial  tissiH,' 
in  the  subcutaneous  cellular  tissue  and  in  the  cornea,  in 
the  corpora  fihrnsn  of  the  ovarj-,  which  eventually  fill  the 
cavity  of  the  ruptured  Graafian  follicles,  and  in  connective- 
tissue  scars  which  develop  in  various  organs  as  the  result 
of  oi^nization  of  infarcts.  In  the  ovary  the  peculiarly 
interlaced  and  Uvistt'd  masses  of  hyaline  muterial  arc  found 
in  the  immediate  neighborhood  of  the  cellular  stroma  of 
the  oi^n  ;  sometimes  a  few  stmnds  of  connective  tissue 
with  oells  and  nuclei  are  found  here  aud  there  among  the   < 
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FIGURE  111. 
Hyaline  Oegenenition  In  the  Glomeruli  of  an  Old  Rei 
Infarct  [  >  •Mi.):   1,  UriiiifiTuug  tul.iik-si  2,  nmuir.x  of  glome 
some  of  ihc  cllU^  fl\\\  eimtuin  red  bloud-cDrpiuwIisi ;  3,  Ujaline 
neclive  tissue  iii  the  iiiarginul  zimvi. 

FIGURE  VI.    (Page  103,1 
Uric  Add  Infarct  of  the  Kidney  In  the  New-born.    (Freshl^ 

iKiInled  urinifeniuH  tllbllk^5  from   t!i«  medullarj  eubstunfe,  partiall] 
alted  with  apbtrie  and  [ludulur  ct>ticreti<)ti«  (  k  280). 

hyaiinn   masses   (Flute   15,  Fig.  2).      The   similarity 
caseous  degeneration    is  sonietinieii  exotwlingly  marki 
especially  as  true  disintegnitiun  and  gradual  dissolution 
of  tlie  nuclfii  iu  the  hyaline  tissue  tjike  place.    Tuberculous 
lymph-glands  usually  contain   an  abundance  of  hyalini ' 
mat(.-rial  produced  by  dt^neration  of  the  connective  tisst] " 
In  the  neiglilxjrhiHHl  of  the  cheesy  or  calcareous  focus  i\ 
reticular  nicsliwork  ap]>tsirs  greatly  thickciiwl  and  repre-' 
sents  glirtteniiig  or  sauwigc-shaped  bodies,  fraguienls,  Iwnds, 
and   folds  of  tnaterini,  among  which   the  lymphiidenoid 
tissue  may  be  completely  lost,  so  tliat  botii  microscupicully 
and   niacntwopically  the  impression  of  cbeesy  dwenent-   I 
tion  mav  Ite  obtaintxi  at  the  first  glance  (Vol.  I.,  Plate  ISjfS 

Fig.  !).■  n 

In  the  scars  afier  infarcts  the  homogenization  of  con- 
nective tissnc  is  alyn  attende<l  by  progressive  dc^tniction 
of  the  cells  nnd  nuclei.      In  orgimized    infarcts  of  the 
kidney  the  sites  "f  the  glomeruli  which   have  been  de- 
stroyed are  occupied  by  spheric  accumiilalions  of  hyaline^ 
anuclear  connective  tissue,  which  kiok  like  little  shining] 
IbIIs  (Plate  16,  Fig,   1).     Sometimes  the  hyaline  meta-J 
tnorphosis  of  the  (Hinccntric   connective-tissue  layers  iaH 
Bowman's  capsule  are  readily  recognized   as   it  epreadaa 
from  the  periphery  inward  ;  the  centers,  which  still  coo-^J 
tain  some  of  the  cells  and  nuclei,  may  l>e  completely  sutu 
rounded  by  tbene  hvaline  rings  (see  Fig.  III.,  3).  ■ 

Weigert  assnmeJ  that  extracellular  hyalin  was  due  to  i| 
coagulation  process,  while  von  Het^klinghauscn  dcrivi ' 
tlie  substance  from  ci'l!   protoplasm,  especially  from  l' 
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white  blood-colls,  and  possibiy  from  the  endothelium  <if 
blood- vesack.  A»  a  matter  oi  fact,  in  many  easea  the  de- 
velopment of  extmcelhdar  hyalin,  which  has  Iteen  desig- 
nated coagnlatioD'hyalin,  appears  to  be  in  some  way 
related  to  fibrin ;  fur  it  is  observed  eitlier  in  ost^ix'iation 
with  fibrin  or  develops  frwm  true  fibrin.  Again,  two 
larger  gronps  may  be  distinguished — hcmatogeneous  and 
oonjiinotivat  [connective  tissue. — Ed.]  hynlin.  The  former 
occurs  as  hyaline  thrombi,  usually  in  smaller  vessels, 
especially  capillaries,  diphtheric  inflammations  of  mucout 
membranes,  in  hcmi ■rrhnjric  pnlmcmary  in&rct.s,  in  fiwi  of 
L  croupous  inflanini:iti<iii  ni'  the  lungs,  in  the  glomeruli,  aud 
I  in  acute  interalilinl  iii]ilirLtis.  In  these  cases  the  blood- 
[  veeaels  are  conipKtily  oieJndcd  by  homogeneous,  glisten- 
ing, sausage-shaped  niiisse.s,  the  endothelial  cells  for  the 
most  part  being  destroyed  (Plate  15,  Fig.  1).  As  tlie 
result  of  hyaline  thmmUwis  in  the  glomeruli  the  epithelium 
is  cast  off  and  swept  away  through  the  urinifennis  tubules, 
so  that  hyaline  masses  arc  of^en  found  wilhin  Bowman's 
capsule  entirely  stripjied  of  ci-lJss,  These  hyaline  thrombi 
are  aLw  sometimes  found  in  the  liver  in  eclampsia,  in  the 
.cerebral  vessels  in  chorea,  and  in  the  capillaries  of  the 

■  skin  in  burns,  and  after  lieath  from  freezing. 

I  In  exudative  processes  the  formation  of  hyaline  sub-  i 
I  stance  may  be  obser\-ed  fn)m  the  vcrj-  beginning  in  many 
T<  oases;  in  pseudomembnmous  (diphtheric  and  diphtheroid) 
^inflammations  associatwl  with  necrosis  fibrin  may  l>e  ex- 
peted  in  the  form  of  interlacing,  knotted  bands  and  rib- 
ons  of  varying  width  (Plate  16,  Y\^r.  2).  Sometimes 
(part   of   the   fibrin    presents    the    well-known,   delicate, 

■  fibrillar  nrrangcmcnl,  while  the  portions  which  proje<it 
I'tnto  the  tissue  at  once  itstjume  the  app<'arance  of  a  network 
B«f  hyaline  frabcculie.  Somefimcs  the  fibrin  threads  later 
Viooaleece  wijh  one  another  to  form  contrlomeratc  "masses; 

especially  in  advanced  stages  of  orgnniKation  of  fibrinous 
deposits,  rounded  masses,  and  fragments,  whicli  e.ihibit 
the  morpholf^c  and  tinctorial  features  of  hyalin,  are  seen 
on  the  surfaces  of  serous  membnme^,  aimelimes  sur- 
roundel)  by  granuliilion  tissue  or  futlv  liirnietl  eoimcctive 
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tiusue  (compart'  PljiU.'  -ili,  Fig,  2).  In  fibrinous  thrombi 
a  similar  clumping  and  lii>mogemzHtion  of  the  fibrih 
threads  sometimes  take  place,  and  the  entire  mass  appears 
uniformlj'  glistening  and  Iragmented — the  so-called  coagu- 
lation hyalin. 

Hyalin  also  apiiears  to  repret'ent  a  peculiar  kind  of  1< 
death  uf  tissue  in  which  alhuniinous  substances  undei^ 
coagulation  under  the  influence  of  the  plasma.  Thus 
hyalin  is  often  observed  in  tubercles  in  nswi-iation  with  a 
scanty  amount  of  fibrin  and  extensive  caseoai  necrosis, 
A  similar  origin  must  be  iissumed  iu  the  case  of  the  hyaline^ 
substance  winch  0(w.*urs  In  the  ao-«illcd  "  waxy  deger — 
tioD  "  of  striated  muscles.  Bcflttere<l  amoug  the  lui 
of  hyaline  substance  are  seen  intact  niusclc-b undies 
glistening,  homogeneous  Imuds,  or  minute  spheres  arraneeJ' 
ID  chains.  Von  Zencker  was  the  first  to  describe  this 
"  waxy  degeneration  "  in  the  abdominal  muscles  in  typhoid 
fever ;  it  is  also  observed  in  mauy  other  infectious  diseases. 

Finally,  hyaline  dcgeneratiou  is  often  obBer\-ed  iu  man^t 
varieties   of  tnmor,  especially  endothelioma   and   anj ' 
sarcoma.     The  hyaline  substance  in  these  tumors  is  oJ 
arranged  in  the  form  of  cyliiidric   tubes  or   casts  sui 
rounding  the  vessels,  and  these  tumors  have  been  called'j 
cylindroma  ta. 

[Concerning  the  occurrence,  significance,  and  nature 
circumscribi'd  intracellular  and  extracellular  masses  ofi 
hyalin,  found  in  inflammatory  and  proliferative  lesioos 
of  various  kinds  and  sometimes  interpreted  as  parasil 
see  AmtTiriii)  'f\\ri-I!ook  of  I'-tlho/i,;/;/. — En.]. 

Calcification  and  Petrifaction. 
Calcium  ocenrs  natnnilly  in  the  linnian  body  in    th&l 
form  of   carbonate   and   pliosphiitc.     Tiio   bones   of  tbefl 
skeleton  are  no  intimafely  and  nniformly  infiltrated  witkj 
the  calcium  .'^alts  that  it  is  imiHJs.-jiblc  to  di:^tingnish  any! 
structure  in  its  deposition.     Under  pathologic  oonditioiU^ 
oxalate  and  phosphate  of  calcium,  as  well  as  combinationti 
with  the  fatty  acids,  occur  in  addition  to  the  carboiial 
and  phosphate.      But  the  union  of  the  calcium  with  t 
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cellular  denieiite  or  tlie  wirrtrajHiiiding  intercellular  sub- 
stance of  the  tissue  in  wliicli  it  \^  deposited  is  not,  as  a 
rule,  so  intimate,  the  lime  2ip}Knriug  u&ually  in  the  form 
of  variously  sized  granules,  either  spheric  or  angular  in 

I  shape. 
Calcification  finds  itn  physiologic  prototype  in  ossifica- 
tion. It  is  first  observed  as  a  gniniilar  infiltration  of  the 
cartilage;  the  ground-substance  of  the  cartilage,  as  well 
B8  the  cell-capsules,  undergo  impregnation  with  lime  salts 
after  a  peculiar  preliminarj'  rearrangement  of  the  cartilage 
cells.  Later  oil  lime  salts  are  also  deposited  in  the  lime- 
free  osteoid  ground-substance  of  bone. 
Pathologic  cnlcificatiun  may  originate  in  one  of  two 
■ways:  either  the  calcium  is  deposited  in  the  form  of 
amorphous  spherea  and  granules  or  in  the  form  of  large, 
Do<lular  bodies  which,  when  depositP<I  iu  the  intercellular 
substance  or  in  cavilies,  are  designated   as  eoneretione. 

I  These  concretions  also  have  their  physiologic  prototype 
in  the  so-called  "  brain-sand  "  or  acermivH  rerebri,  spheric 
or  mulberry-shaped  granules,  visible  to  the  naked  eye, 
which   infiltrate  the  tissue  of  the   pineal  body  and   the 
venous  plexuses  in  the  cerebral  ventricles. 
Morphologically,  the  deposition  of  lime  may  occasion- 
ally be  mistaken  for  fat-droplets  ;  grains  of  tsilcium,  how- 
ever,  are   distinguished    by  the   fad    that  they  an>  less 
refractive,  more  irregidnr   in  shape,  and  present  a  dull 
sheen.       In    direct    illumination    wilh    the    diaplirngm 
entirely  clowd  the  dull,  whitish  apjieanince  of  the  gran- 
L^ulea  is  especially  characteristic.     On  ihe  addition  of  acids 
Vitiie  calcium  deposits  are  dissolved  and  the  presence  of 
Fcslcium  carbonate  reveals  itself  by  the  formation  of  biib- 
flbles  of  carlK)n  dioxid.      When  tlic   calcified  masses  are 
sated   with    pure    sulphuric   acid,   crystalline   calcium 
ulpLate  is  formed,  the  gj-psum  crystals  appearing  in  the 
rfbrm  of  delicate  needles,  which  are  frequently  arranged  in 
Ithe  form  of  a  hmsh  or  in  a  stellate  manner.     (See  Fig. 
HV.)     Tins  reaction  is  quite  eharacleristio,  and  should  Ite 
I  performed   to   demonstrate    the    presence   of    pathologic 
tcalcifit^tion.      ^Vhen  calcium   salts   have   been  dissolved 
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and  Lave  entered  iLe  body-jtiicts  tlicy  do  not  give  t 
reaetioii.  With  lioinatoxylm,  especially  Delafield's  aola- 
tion,  calcareous  mosses  stain  an  intense  blue,  nut  unlike 
nuclear  cbruinatin,  which  is  the  only  other  substance  that 
takes  a  t^imilnr  stain  with  hematoxylin.  ! 

The  calcium  is  deposited  either  within  the  cells,  and  I 
may  completely  fill  the  body  of  the  «?H  in  the  form  of  ■ 
exceedingly  fine  dust;  later  tlie  individual  grains  may 
coalesce  to  form  lai^'r  particlew,  wliich  eveutnally  may 
be  liberated  by  the  breakiug-dowu  of  the  cells.  Or  the 
calcium  may  be  deposit^'d  from  the  beginning  in  the  in- 
terstitial substance  outiiide  of  the  eelirt. 

The  cause  aud  true  nature  of  calcification  are  subjects  j 
about  which  we  still  know  ven'  little.     It  may  be  that  it  I 
depends  upon  a  precipitation  of  calcium  salts  which  circu-  I 
late  in  the  body-jniw?:  arxl  have  their  origin  either  in  the  T 
calcium  introdiiefd  with   IoimI  or  in  the  breukiug-dowo  I 
and  solution  of  preexisting  ealeium  in  the  skeleton.     It  ia  ; 
also  conceivable  that  calcium  salt«  arc  deposited  in  cella  | 
OF  interstitial  sul>stance  as  the  result  of  changes  in  ths'  j 
condition  necessary  for  their  remaining  in  solution.     Tba  | 
former  process  is  to  be  reganled  as  a  precipitation  of  im- 
ported   masses  of  calcium,    while   in   tlie   latter  case  itf 
would  Iw  justifiable  to  speak  of  a  true  calcareous  degener 
ation.     Wherever  pathologic  calcification   takes  place  in 
the  body  it  is  preceded  by  local  ileath  at  the  site  where 
the  calcium  is  precipitated.     At  all  events,  the  nuclei  in- 
variably disappear  before  particles  of  calcium   accumulate 
in  large  masses.     In  cal'^ifie<l  carcinomata  Marchand,  how- 
ever,  has  observed  division  of  the   nuclei   in  cells  with  | 
beginning  calcification,  but  it  is  fair  to  assume  that  the  \ 
calcified  part.s  arc  irrevocably  lost  to  the  body  and  cease  j 
to   take    part    eitlicr    In    Dictal>olism   or    in    functional 
prooesses. 

The  oocnrrence  of  calcification  in  the  Ixnly  is  extremely 
variable,  and  its  (lathologic  significance  also  varies  greatly  J 
in  accordance  with  its  distribution,  its   extent,  and  tin- 1 
rapidity  with  which  it  is  formed. 

1.  The  greatest   similarity    to   physiologic  calcificatioD 
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PLATE  17. 
Fid   l.-Calcrflcatlon  of    Reiul    Epithelium  In  AcuU  Bl-^ 
chlorM -of- Mercury  Poisoning  |Fiv>MlH,v-{  (li.-lnDrlrl 
3(K).):  1,  UrinL^n.ii>  tuUiih-s  UiLwing  di-MiUuiimtL.d  viiillu-liul  cclUt, 
whiL-h  for  Ihe  iiim-t  )iiirt  urt  &\\vA  wHli  ^rurinJes  of  cuk'iu 
erotic  cpitholiii]  ixXh  wiUiuut  caldiim ;  9,  iniuuL  tubuitu-  tptthdiuni.  ] 

Via.  2.— ColcUlcation  Id  the  Wall  of  the  Aorta  in  Art 
sclerosiB  and  Atheromatosis  (Uemat.-eosin.     ,.  vi.):  i,  Tbid 
ened  intinm;    2,   iiiu^ulnr  cuat;    8,   adventitial   4,  (clorotic  newM 
fomied  connective  tiuuc  ot  the  intinia ;  5,  oatcarenua  n\ 
IlitJriiu,  forming  a  eu  in  muni  en  ling  Byalom  .if  tplculea  ;  fi. 
the  connective  tissue,  due  to  dcKenerstion,  flllrd  with  fiitjind  mui 
of  dctritue ;   7,  hlfiod-vus^elB  thut  hHve  grown   into  the  niodia  ■ 
indmn  Croiu  the  adviintilia. 


tion  appears  in  the  elastic  fibere,  and  the  effects  of  oatam 
pressitJii    and    (iisplacemeiit    become    noticeable    in   it 
muscle-filiera.      Deposits  of  lime   sometimes  tbrm  lars 
cii'cular    or     semicircular     fij^iires,    without     necessarilj 
causui^  marked  clianges  in  the  width  of  the  lumen  or  ii 
the  structnre  of  tlie  rest  of  the  vessel-wall.     Snch  arteries 
however,  are  converted  into  rigid  tubes  without  a  vestigi 
of  their  former  elasticity,  and,  therefore,  neeesRarily  aSe/it 
the  action  of  the  heart.     Circumsoribe<l  calcification  of  thi 
glomeruli  may  be   found  in  the  kidneys  of  old  praplfl^ 
without  any  other  changes  in  the  pnrenchyma  except  I 
uniform   atrophy  of  the  cortex,  which,  however,  is  no" 
attended   by  any  marked   increase  of  connective   tisBui^ 
Sometime.^  in  old  age  the  straight  uriwifcrous  tubules  iii* 
the   pyramids  present  calcification   in  the   form  of  fine, 
mdiatiog  lines  which  are  esisecially  prone  to  surround  the 
ownings  of  the  connecting  tubules  in  the  cril)nim.     These 
lines  consist  of  calcium  carbonate  and  calcium  phosphat^'' 
and   to   eitard    against   mistakes   must  be  carefully  dig 
tinguished  frora  urates,  especially  in  this  situation. 

2.  Abnormal  de{K)sition  of  calcium  salts  also  occurs  is 
the  thymus  glaud  during  the  period  of  ita  involution, 
especisilly  if  the  jjitfer  is  delayed ;  it  involves  the  so-called 
Hassidl's  corpuscles,  which  are  converted  into  glisteninf 
spheres  of  lime. 
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3.  Pathologir  di-position  of  calpium  salts  in  tlic  tissiiea  I 
ie  freq uen I ly  observed  iu  the  vorioua  forms  of  nutritive  j 
disturbances.     The  latter  apppur  to  favor  the  deposition  i 
of  caleitim  in  a  high  degree  j  for  whenever  nutritive  dis-  I 
turbitncc  in  a  cell-coniplcs  has  gone  so  (iir  as  tjj  lead  to  ^ 
coll-death,  calcification  is  alwavs  possible,  although  it  does 
not  uet-essarily  take  plat*.     ^V  hy  in  one  place  calcification 
occurs  rapidly  and  in  another  plac«  it  never  takes  place  at 
all  is  a  question  about  which  we  are  still  in  the  dark. 
Processes   that   lead   to   coagulation   necrosis   appear  to  J 
render   the   cells  subject  to   a  secondary  depo^tion   of  / 
calcium  salts  which  sometimes  takes  place  very  rapidly;  I 
thus,  in  the  c»se  of  the  rabbit,  for  example,  a  temporary 
ligation  of  the  renal  arteries,  Instine  not  more  than  two 
hours,  may  be  fijllowed  by  coagulation  necrosis  tif  the 
tissues  within   the  next  twenty-four  hours,  and   by  ex- 
L  tensive  calcification  of  the  renal  epithelium  within  the 
{  next  few  days.     It  is  conceivable  that  the  calcium  present 
in  solution  in  the  bliHid  is  retained  by  those  cells  which 
have  been  severely  damaged  or  killed  and  rendered  unfit 
for  their  normal  function.     These  forms  of  calcification 
of  rapid   development   must   be   carefully   distinguished 
I  from  those  which  occur  late  in  fully  developed  infarcts  of 
1  various  organs  and  which  will  be  discussed  shortly. 
I       4,  Extcntiive  calcification  sometimes  takes  place,  espe- 
I  cially  iu  the  kidney,  within  ji  t'ttw  days  after  acute  intoxi- 
cations.     This  is  characteristic  of   bicblorid-of-mercnry  J 
I  poisoning,  although  even  in  these  cases  calcification  often  I 
doeenot  take  place,  while  in  other  cases,  which  result  &tffllly  | 
in  the  same  time,  the  calcification  may  be  extensive.     In 
addition   to   hichlorid-uf-mercury  poisoning,  intoxication 
with  aloiu,  bismuth,  iixloform,  lend,  copper,  oxalic  and 
chromic  acid  when  ^iven  ex]ici-inientiilly,  or,  as  occasion- 
ally Imppcns,  when    taken    accidentally,  is  foUowed  by 
ualcificiitioii  of  the  renal  epithelium.     The  picture  of  acute 
calcification  nf  the  kidneys  (I'latc  17,  Fip.  1)  is  exceed- 
ingly ell  a  r;ict  eristic.     The  organ  jirescnts  the  nppcanince  1 
of  a  high  grade  of  degeneration  throughout  the  entire  I 
-cortex.   The  epitlielium  is  liwullcn, many  celU are  loosenu* 
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FIGURE  IV. 
Calcification  of  Renal  EpUhelium  In  BkhIorid-of<Mercury  { 

L  PolBOnlng  ( FrM/«n  scttion.     After  i\w  udditUiii  of  sulplmric  sci" 
"0.);   A  ft'wl.ul.lilosMf  KM  (.-ur-l,..!!  dii.vi.n  L.n.1  lariji;  imi-sw  ■ 
1   neixlle-Bhnped   urvslAls  of  cnlriiiiii   suljibuli-  (gy^i^uni   rutclion)  s 
Dcn,  arranged  in  blilidlea  und  rudiuUiig  Qj^ures. 

FIGURE  V. 
Calclfim  Epltlielloma  of  the  Skin  ( x  SOO.    Specimen  of  Dr. 
I  Chilventti)  :   1,  H<[UiiiiirFLu  epiilielinl  vv\\»  wilh  intact  nuclei ;  2,  «fd- 
I  thclial  cells  eliowing  en IciH cation  around  their  niai^ius  ;  S,  onmpleUljr 

ilciAcd  epitiielial  culls ;  i,  vmcular  Blroniu. 

from  the  bai^nieDt  Diembraiic,  mst  olf  into  the  lumen  of 
the  uriniferous  tubules,  nud  dcniicly  packed  with  fat- 
droplets.  The  nuclei  in  most  of  the  cells  ure  uiireoog- 
I  nizable.  Even  in  recent,  leused  preparations  irregular, 
I  angular,  and  circular  fragraentH  and  granulea  of  varying 
sizes,  presenting  the  typiail  whitish  sheen  with  direct 
illumination,  may  be  seen  in  the  necrotic  epithelial  cells. 
The  addition  of  sulphuric  acid,  which  Ih  attended  by  the 
development  of  bubbles  of  gas,  is  immediately  followed 
by  the  appearance  of  the  needle-shajjed  gypsum  crystals 
{Fig,  rv.).  In  permanent-stained  preparations  the  dis- 
trihutinn  of  (his  proeosa  becomes  even  more  definite,  for 
the  lumps  and  fragments,  which  stain  an  intense  blue 
with  hematijsylin,  in  many  places  appear  to  fill  the  des- 
quamate<l  epithelial  cells  completely.  The  convoluted 
tubules  of  the  second  onlcr  appear  to  be  especially 
affet'te(i ;  not  a  single  cell  with  a  tingible  nucleus  may  be 
found,  and  the  epithelial  cells,  which  are  cast  ojf  in  large 
numbers,  in  places  fiirm  actual  calcareous  casts  in  the 
interior  of  the  membrtuia  propria.  The  epithelium  of  the 
glomeruli  generally  escapes  calcification ;  but,  as  a  rule, 
these  structures  are  invaded  by  fatty  degeneration.  The 
straight  uriniferous  tubules  contain  granular,  calcareous, 
.  epithelial  casts,  although  tbeir  own  epithelium  is  usually 
intact  at  the  time  uf  death. 

.  An  extensive  deposition  of  calcium  salts,  especially 
jihosjihate  and  carlxjuate,  in  sonietimtfi  observiHl  in  the 
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interior  of  graiiulomatoiis  growths  after  tliey  have  f'allca 
prey  to  caseous  necrosis.  Tubert-lts  and  gunimata  are 
particularly  apt  to  collect  large  ina^i^es  of  eaiciuiu  at  llieir 
ceutera  nft«r  the  process  of  ueertteis  lias  been  couipleted. 
The  line  api>ears  first  in  the  form  of  fine  grauuIeK  and 
dust-like  particles  within  the  clieesy  and  necrotic  tissue. 
Later  thu  particles  coalesce  to  form  compact,  nodular  con- 
cretions of  various  sizes,  resembling  calculi,  and  tlie 
cheesy,  tiilxrculoua  infiltrate  undergoes  complete  ijetrifac- 
tion.  If  ihe  tuberculous  process  i.s  arrested  at  the  mar- 
gins, and  at  the  same  time  calcification  progresses  until 
it  has  reached  the  connective-tissue  capsule  with  which 
these  old  tuberculous  foci  are  usually  surrounded,  epon- 
taneouH  recovery  from  the  tuberculous  disease  may  take 
place.  The  process  is  uiwerved  most  frequently  in  the 
apices  of  the  lungs,  and  es[>ecially  in  certain  groups  of 
lymph-glands,  chiefly  the  jx^ri bronchial.  Sometimes  the 
lesion  is  replaced  by  a  <lry,  chalky,  or  mortur-like  focus 
consisting  of  amorphous,  fmgment<?il  masses  of  lime.  In 
many  animals,  especially  neat  cattle,  this  de|)osition  of 
calcium  salt  occurs  regularly  in  tuberculosis  af\er  central 
caseation  has  begun  in  the  granulomata.  In  these  cases 
calcification  is  not  complete,  for  the  eruption  of  tuberolea 
continues  arouiul  the  mai^in  of  tlie  focus  after  the  center 
haa  become  calcified.  The  attempts  to  force  this  calcifica- 
ition,  which  is  so  desirable  for  the  cure  of  the  tuberculosis, 
(by  administering  large  ({Unnlilies  of  calcium  with  the 
iood,  have  not  yielded  any  satisfactory  results  so  far. 
These  experiments  would  seem  to  show  tliat  the  calcium 
depodte<l  in  cheesy  and  necnilie  vessels  is  not  derived 
from  the  calcium  salts  dissolved  and  circulating  in  the 
blood,  but  is  tlie  result  of  a  calcareous  metamorphosis  of 
the  cheesy  and  d^enerated  tissue.  Extensive  calcium  de- 
eeneration  sometimes  occurs  also  in  syphilitic  gmnuloniata, 
Uie  deposits,  so  far  as  their  morphology  is  concerned,  being 
irecisely  similar  to  those  seen  in  tul>erculosis. 
6.  In  the  central  nervous  system  calcification  of  the 
sential  tissue  element*  often  takes  place  in  a  short  time 
after  certain  definite  nutritive  disturbances  oc 
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a.vK\AeM6,  tlie  neurocytes   chiefly  being   attacked.      Tl 
lattor  exliibit  marked  shrinking  ami  the  presence  of  closel] 
packed,  glistening,  ealeareous  grauules  arranged  in  orderl; 
rows  and  sometimes  extending  into  the  processes  of 
cells.      In  the  cercljellum   Purkinje  cells  are  sumetimes 
found  parlially  or  wholly  calcified,  and  otfe n  their  widely 
branching  processes  are  covered  in  places  by  fine  granular 
incrustatiuna.    Afterpoliomyelitisculciticationof ganglioi 
cclb  often  occurs  in  the  atropliied  anterior  horns  of  t' 
spiiml  cord  and  is  occasionally  accompanied  by  a  more 
leas  extensive  calcification  of  the  capillary  vessels. 

7.  Connective  tissue  is  the  most  frequent  seat  of 
careous  deposits.     The  fibers  undergo  so-called  viinei 
metamorphosis;  they  are  loadetl  «ith  roww  of  fine  gmiiuli 
which,  as  they  grow,  develop  into  rod-shape*l,  eyiindi 
nodular,  irn^ular  deposits.     The  alteration  occurs  mt 
frequently  after  hyaline  degeneration   of  the  conneeti' 
tissne,  and  it  may  be  said  that  hyaline  de^neration 
connective  tissue  always  predisposes  to  calcification, 
lui^  vessels,  especially,  the  intima  and  the  media  ol 
exhibit  this  calcification,  after  first  becoming  thicker, 
durated,  and  liyaliue.     In  tlie  large  vessels  the  process 
one  of  tlie  most  frequent  ooncuniitants  of  atheroma,  and 
must  not  Ite  confunnded  with  the  ordinary  form  of  calcifi- 
cation, which   takes  place  almost  regularly  in  advanced 
age,  without  being  preceded  or  accompanied  by  degener^ 
ative  processes  (see  under   1).      Athenmia  of  the  large 
vascular  trunks  is  attended  hy  proliferation  of  the  con- 
nective tissue  and  by  fattv  changes,  with  the  formation 
of  cavities  from  the  melting-down  of  the  tissue.     The 
thick  connective  tissue  frequently  contains  lai^  and  small 
calcai'eous  masses,  which  at  first  ajipear  as  isolated,  minute 
granules ;    later   the   deposition   iKvomefl  extraordinarily 
extensive,  taking  the  form  of  jagged  masses  of  irreeuU^ 
shapes,  like  the  fragments  of  a  broken  vessel,  with  sharp 
edees ;   these   masses  rarely  surround  the  blood-vetsselaf. 
and  arc  usually  better  devclo|)ed  on  one  side  than  on  the 
other.      In  transverse  section  these  foci  of  calcificatloni 
appear  in  the  form  of  irregular,  jagged  bands,  iuterrupl 
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in  many  places  by  circular  f^kpii.  Tlic  (Mjiisisltucf  nf  the 
calcareous  masaes  i^  not  uniform,  und  tlu>  llnctuml  reuc< 
rion  to  hematoxylin  is  accordingly  irregular  and  patchy 
(Plate  17,  Fig.  2).  The  gaps  in  tliet*  ribbons  corresptmd 
to  the  cavities  lell  by  the  nleltillg-^lo\v^  of  the  tissue ;  in 
a  recent  preparation  they  apiieur  to  \te  filled  with  friable 
masses  ot  detritus,  in  which  glisten ining  cholesterin  plates, 
resembling  fish  scales,  are  visible  t"  the  naked  eye.  The 
cholesterin  platen  may  be  Diimenius  and  form  enormous 
masses,  among  which  may  be  seen  fjilty  aoiil  crystals  ia 
the  form  of  margarin  needles  arranged  in  bundles,  fatty 
granule  cells,  and  free  fat,  usually  in  minute  droplets.  In 
n  stained  preparation  the  gaps  am  seen  to  Luntain  only  a 
a  fine  network,  like  eonneelive-tissue  cells  that  have  un- 
dergone fatty  degeneration,  while  the  fat  itself  and  the 
masses  of  cholesterin  have  been  removed.  The  calcifica- 
tion often  involves  the  entire  width  of  the  intima,  while 
toward  the  lumen  the  pieces  of  calcium  are  covered  by 
layer  of  ainnective  tissue  which  is  practically  homogeiieoua 
and  sparingly  supplied  with  elastic  fibers.  In  advanced 
oases  the  calcification  may  spread  in  the  media,  without, 
however,  altogether  crowding  out  that  layer;  the  adven- 
titia,  on  the  other  hand,  always  escjippK,  Not  infrequently 
tiiis  petrifaction  extends  from  the  arch  of  the  aorta  to  tha 
endocardium  of  the  aortic  and  mitral  valves,  and  rod- 
shaped,  lamellar  or  irregular,  jagged,  and  ridge-like  de- 
posits make  their  appearance  and  cause  shortening  of  the 
valves  and  their  adhesion  to  one  another.  In  these  casea 
I  also  the  process  of  calcification  is  preceded  by  a  wjmplete 
I  conversion  of  the  connective  tissue  into  a  homogeneous 
18S&  Not  only  the  lucge  vessels,  but  all  arterial  branches 
B  well,  may  be  attacked  by  atheroma  and  their  walls  may 
subeequentfy  undeigo  calcification  ;  in  the  small  arteries, 
as,  for  example,  the  coronary  arteries  of  the  heart  and  the 
cerebral  vessels,  the  proec'ss  often  leads  to  the  formation 
of  rigid,  bard,  calcareous  cylinders,  sometimes  with  simiil- 
taoeoiis  narrowing  of  the  lumen  and  complete  hias  of 
elasticity.  This  process  of  induration,  which  follows 
atheroma  and  ultimately  leads  to  calcificat 
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nated  nrUriosckroniit.  In  the  capillaries  also  hyaline 
generation  or  hyaline  tlirombosis  may  be  followed 
extensive  calcification. 

In  adilitiou  it  18  oimraon  c^ongh  to  eee  caleificatii 
take  place  in  newly  formed  connective  tissue  in  v 
pitrtious  of  the  !>i«fy,  cs|>ecially  after  a  chronic  iiiflanii 
liiry  process.      Thus,  calcareous  piRtes  are  likely  to 
deposited  in  pleural  scars  aHcr  the  connective- tissue  fil 
have  losl  their  nuclei  und  have  become  fui^ed  into  a  c 
pact,  sclerotic,  hyaline   mass.      In   these  cases  also 
oaloificatiou  often  ni>siimt.'i4  enormous  dimensions,  and  aif 
entire  lung  may  be  imbc<lded  in  a  calciiri-ous  cuirass;  in 
chronic  tibroiifi  pericarditis  ihc  heart  may  be  surrounded 
by  calcareous  plati-s  and  continuous  rings  which  suggest 
armor-plates.     A  favorite  scat  of  hyaline  metnraorpnosia 
is  the  connective  tissue  of  the  thyroid  gland,  as  has  been 
statwl,  and  accordingly  secondary  calcareous  deposits  are 
also   found   frequently   in    this  oi^n ;   they  may  be 
ejttensive  that  large  portions  of  the  gland  contain  a  v< 
table  calcareous  framework  or  are  in  a  large  part  conver 
into  masses  of  lime  {ittmma  pelrificans;  calcareous  giiiter)( 
Organized  thrombi  also  frequently  become  caleifira,  and 
in  this  way  are  formed  arlei-lolUlis  and  p/i/ebodUie,  which 
in  case  of  canalization  of  the  thrombus  often  take  the 
form  of  mere  scaly  dejKjsils  in  portions  of  the  wall ;  they 
are  then  readily  mistaken  for  calcification  on  the  basis  of 
arteriosclerosis.     It  has  been  stated  already  that  infarcts 
which  have  been  replaced  by  connective  tissue  may  become 
infiltrated  with  a  friable,  calcareous  material,  which  some- 
times forms  more  or  less  distinct  concrements.     Chalky, 
pulverulent,  whitish  masses  of  this  kind  are  hard  to  dis- 
tinguish from  calcareous  tuliercles. 

Circnmscrilied  connective-tissue  growths,  with  hyali 
de^neration  and  secondary  calcification,  sometimes 
in  the  spinal  pia.  The  jirocess  leads  to  the  fijrmalion  of 
linear,  ja^ed,  or  scaly  plates,  as  hanl  as  stone,  which 
have  been  erroneously  designate<i  osteomnta  of  the  pia, 
but  in  reality  consist  only  of  calcifitil  connective  tissue^ 
wSthoat  any  true  bone-formalion.     In  fact,  it  may  not' 
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I  ttmiss  to  repeat  that  csilcifiiTation  of  connective  tissue  i: 

Lbe  rigitlly  uistinEuished  from  true  os*iifii»tion,  which  also 

■  occurs;    hlHtologically,   the   point   of   distinction   b   the 

I'fbrmsttou   in  ossificatiou  of  the  lamellEe  with   Huvet^ian 

ptnuals  and  tnie  bone-corpuscles  provided  with  prueessea, 

•while  petrification  consists  merely  of  coalesced  calcareous 

ranulcs.      While,   therefore,   the   latter   process  is  dis- 

'Tinctly  degenerative  in  character,  ossificatiou  inipliea  true 

letaplodia,  which  will  be  di^'us»ed  later  in  the  section  on 

Tumors.     [It  may  be  remarked  here,  however,  that  tnie 

oastfiintion   may  take   place  in  couucction   with   various 

forms  of  ptttlioI<^ic  talcificatious — e.g.,  calcareous  tuber- 

Lculous  foci  in  the  lungs. — En.] 

I      Calcareous   deposition   occurs   quite   regularly   around 

r  larger    dead    parasites — e.g.,    in    the    capsules   of   dead 

trichinie  and  of  sterile  or  dead  ecchiaococeus  cysts;  the 

bodies  of  the  dead  parasites  themselves  may  also  undergo 

complete  calcification. 

To  this  group  belongs  also  ttie  calcification  which  so 

"^n  is  observed  in  the  stroma  of  various  kinds  of  tumorti. 

isionally  an  entire  connect!  ve-tis.sue  tumor  falls  a  prt-y 

0  calcification  ;  for  example,  cbondromata,  endotheliooiata, 

Ibromata,  especially  mynmata — the  latter  sometimes  form 

"wlls  as  large  &a  a  man's  head,  of  a  atony  hardness,  and 

extraordinarily  dense  structure  and  a  corresponding 

weight.     Particularly  in   the  hniin  occur  tumors  of  the 

Jlype  of  libmma  or  endothelioma,  in  which   calcification 

laaay  form  in  peculiar  concentric,  linear,  spheric,  or  mul- 

lerry-shaped  structures — so-called  Bplwrolithti.    This  form 

(f  tumor  is  commonly  known  as  psamnumtri.     The  term 

_  »aveys  no  definite  idea  in  n'gard  to  the  iii,stologic  struot- 

|lire  and  moile  of  origin  of  the  tumor  to  which  it  is  ap- 

iplied ;   it   is   simply    used   to   indicate   the   presence   of 

IceWreous  <lc|>osits  analogous  in  structure  to  the  normal 

llirain-^nd  in  rlie  plexuses  and  in  the  pineal  body.     It  is 

^Imust  ncetiless  to  say  that  calcification  sometimes  occurs 

pn  the  struma  of  epithelial  tnmors, 

8.  The  [jarenchyma  of  certain  epithelial  neoplasms  has 
an  the  vary  beginning  or  sood  aft^  their  i 
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furmutiun,  to   undprgij  imlcilicntioii — that  is  to  say,  the 
epithelial  l-cIIr  tlicuisi'lves  ur  the  □es't-like  accumulHttons 
bwomt;  infiltrated  with  erumbliiig  lua&ses  of  calcium  salb 
preceded  by  necitisis  of  tho  coUij  and  disappearance  of  thi 
nuclei.     These   tumors,   which   are  seen   chiefly  in 
ovary,  have  been  designated  psammoixirdnoinata.    Simi 
tumors  have  also  been  described  in  the  mammary  glai 
A  special  form  belonging  to  this  group  i^i  the  so-ealle^ 
eatmfyiug  epUhelioina,   which    begins    in    the   squamous 
epithelium  of  tbe  external  skin  and  is  sometimes  multiple. 
Collections  of  epithelial   cells,  like   epithelial   pearls,  oc 
more   diffuse   growths  of  squamous   epithelium,   present] 
ROattered   eulcareous   foci  within   which   the  cells   eithi 
present  a  peripheral,  calcareous  envelop  within  the 
or  suffer  complete  conversion  into  calcareous  matter  a1 
disappearance  of  the  nudei  (Siieda,  C'hilesotti).     (' 
Fig.  V.) 

SI.  in  /nf-netyroHix,  which  oeciirs  chiefly  in  the  subperi- 
toneal fatty  tis&ue  and  in  the  interacinous  tatty  tissue  of 
the  pancrea.s,  it  is  not  uncommon,  as  Chiari  first  pointed 
out,  to  observe  tiie  apjiearance  of  yellowish-brown,  circu- 
lar and  angular  clumps,  tings,  or  shapeless  masses  of 
dull,  glistening  appearance,  wliidi  take  the  place  of 
fat-cells;  or  their  capsules,  after  the  fat  has  disappeai 
may   be  filled   with   the  sheaves  of  needles  represenlh 
crystals  of  calcium  in  combination  with  fatty  acids.     [' 
G.  Wells  has  shown  that  fnt-neemsis  may  ito  produc 
experimentally  by  intraperitoneal  injection  of  extract  ofJ 
pancreas. — En.J  f 

10,  Ho-vaWefl  t^fjlcnrfouji  mffaatnses  (Virchow)  are  soms^ 
times  olwcrved  in  diseases  of  the  skeleton  associated  wi|" 
derail(?ificati«m  of  bone — for  example,  in  the  case  of  lumon^j 
which  cause  disiutegration  of  lione-snbstance  and  W 
tuberculous  caries.  Either  tlie  bone  salts  are  not  com-"* 
pletely  dissolve*!  by  the  psilholo^ic  process  or  they  are 
secondarily  precipitated  at  certain  places  from  the  fluid, 
in  which  they  are  contained  in  an  abnormally  concentrated 
solution ;  under  such  conditions  actual  dejwsits  of  calcium, 
found  m  organs  like  the  lungs,  kidneys,  the  gasi 
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mucous  membrane,  involving  tho  iiitLTLvlluhir  siibstuiice 
aa  well  as  the  j^Htreiichymii  oellti. 

11,  Calcification  ofien   ijevelops  in   <Ii>ii(l  jwrtioiis  of   , 
tUsae  or  in  masses  of  iiispisitated  secretion.     lu  this  wise   { 
coQcretions  are  formed  in  the  excretory  ducts  of  salivary 
glands  and  of  the  panerea:*,  wtneistiug  of  desquamst»l  ppi- 
thelium,  amalgaoiated  into  a  solid  mass  by  tne  inspissattxl 
secretion    {italivary  calculi';  pancreatic   calculi).     In   tliis 
way  also  calculi  are  formed  in  the  laeunse  of  the  tonsils 
from  the  eadt-ofl'  epithelial  cells  mixe<1  with  the  stagnating   | 
secretion  of  the  raucous  raemhrane.     In  cases  of  contracted 
prepuce  prrpiilial  vafeu/i  result  from  a  mixture  of  seliace- 
ous  material  and  squamous  epithelium  derived  from  the 
Smyrna.     The  most  striking  example  of  calcificatiim  of  ^ 
dead  tissue  is  afilorded  by  the  so-colled  lithopedia,  which 
result  from  imitregniition  of  tlie  tissues  of  retained  dead 
fetuses;  the  «ilcifi«ilion  may  attain  such  a  d^ree  that 
the  entire  structure  ultimately  pcpreseuls  a  miucral  sub-   ' 
stance  of  a  ^tony  haitluess. 

12.  Finally  calcium  appears  in  the  oi^nism  under  ! 
pathologic  conditions  iu  the  form  of  cimcirthni«  In  tlte  ] 
Krinary  and  in  lite  Inliary  passagcu.  In  the  urinary  eul- 
culi  the  ealciuDi  is  comltined  with  uric  acid,  phosphoric  j 
add,  or  oxalic  acid,  having  impregnated  an  albuminous  ( 
frrotind-flubstjinee  which  traverses  the  entire  calculus  from  I 
,the  center  to  its  periphery  like  a  kind  of  framework  ;  this  , 
Blbnminons substance  is  readily  denionslrated  by  dissolving  , 
lOut  the  calcium  from  the  concretion.  Even  the  smallest  ' 
[concretions  present  a  stroma  of  this  kind — for  example, 

the  granules  in  the  so-called  uric-acid  infarct  of  the  new-  I 
bom,  which  is  regarded  by  Elistein  (Fig.  VI.)  as  a  patho- 
'1(^0  product  and  allribnted  to  degenerative  processes  i a  I 
the  epithelium  of  the  convoluted  tubules,  which,  in  turn, 
probably  depend  im   the  injurious  influence  of  increased 
urio-acid  excretion. 

In  gall-at/nien  also,  which,  in  addition  to  cjdciiim,  harlnir 
bile-pigment  and  large  nijwsft*  of  eholcsterin.  a  similar 
organic  framework  may  t)o  dcnionstratwl.     [It  has  In 

D  that  in  biliarjr  calculi  the  nocleue  may  bej'omted  ■ 
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by  masses  of  bacteria,  pspecially  typhoid   bacilli ;  whici 
have  l>oeD  riicoverecl  from  tlie  interior  of  gall-stotitii. — Eit.j 


PIGMENT. 

Under  normal  conditions  the  various  colored  bodies  o 
pignient!^  in  tlie  organisiUK  occur  in  two  forms:  (1)  i 
solution,  and  (2)  in  granular  form.     The  first  class  ia 
eludes  heint)globiu  and   bile-pigment ;   the  second  clos 
tlie  pigmetita  which  are  responsible  tor  the  color  of  t' 
skin  and  its  appendages,  the  retina,  and  the  choroid.    T 
quniitity  of  pigment,  eveu  in  the  normul  slAte,  is  stihjeot 
to  great  vanations  in  the  different  races  and  even  in  dif- 
ferent  individuals  of  the  .'■ame   race.      Certain  internal 
organs  also,  especially  the  heart  muscle  and  the  8upr»>^ 
renal   capsules,  normally  contain   a   certain  tiuantity  ofa 
granular  pigment. 

The  pigments  occurring  in  the  body  under  patholo^ 
conditions  may  l>e  divided  into  the  following  gronjia : 

].  Pigment  derived  from  hemoglobin,     (a)  From  exJ 
travasated  blood,     (b)  By  metamorphosis  and  disintc 
tion  of  red  blood-cells  without  extravasation. 

%  Bile-pigment. 

3.  Pigments  prodnee<l  in  the  protoplasm  of  cells  byj 
tlieir  metabolic  activity.  " 

4.  Pigment  ultimately  derived  from  the  skin  or  froni 
the  eye. 

5.  Pigmentary  material  intro<luced  into  the  body  from 
without. 

Pigment    Derived     from    Hemoglobin.  —  Th« 
changes  to  wliicli  ro.1   l.li.iid-celh  that  have  (•sca]H.Hi  from  J 
the  vascular  system  thiMiigli  lacoratiiiiis  or  by  diapedesifl 
are  subjected  have  already  been  described  in  detail  in  th^ 
section  on  Hemorrhage,  and  I  shall  now  refer  briefly  t 
the  pigmentation  which  takes  plaoe  in  certain  organs  a 
the  result  of  slow  but  prolnictod   hemorrhage  and  th< 
cliaracteristic  changes  to  which  it  gives  rise.     Here  be»J 
longs,  in   the  first  pla<*.  the  so-calleil  brnjfn  /ndura/ton || 
which  may  be  observed  in  many  organs,  especially  in  t 
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lungs,  after  tlip  flow  of  blond  luis  hccn  impeded  for  a  cer- 
taiu  leDgtli  of  time,  as  in  the  prt>seiiL-c  of  cardiac  lesions. 
The    constant    increase    of  pre.saure    in    the    venous   and 
capillary  vessels  ultimately  katU  to  continuous  small  hem- 
orrhages by  diapedesis.     The  red  blood-oells  escape  into 
the  surrounding  tissue  and  fall  a  prey  to  the  pigmentary 
metamorphosis  already  described.     Within  the  lung  the 
{CTQ miles  of  hemosiderin  and  hematoidin  which  result  from 
this  proceea  are  found  imbedded  in  certain  cells,  some  of  i 
whion    must    be   rc^rded   as  epithelial   cells   from   th«  I 
alveolar  lining,  others  as  wandering  connectivcvtissue  cella  ] 
and  lymphocytes.     The  particles  of  |iigmont  are  in  part  1 
deposited  by  these  cellular  structures  on  the  inner  surfaces  ' 
of  the  lung,  whence  they  may  enter  the  bronchi  and  be  j 
expelled  with  the  bntnchial  secretion  in  the  form  of  s 
called  "heart-failure  cells."     Otliei-s  accumulate  in  larger  I 
and  smaller  masses  in  the  connective  tissue  of  the  put-  1 
monary  strama,  which  becomes  thicker  as  the  result  of 
the  congestion  ;  some  are  carrieil  into  the  lymphatic  sys- 
tem and  deposited  in  the  Ivmph-glande,  where  an  oppor- 
tunity is  afforded  for  the  further  elaboration  of  the  pig-  ' 
ment  (Plate  18,  Fig.  3).      Similar  processes  of  passive 
congestion,  with  induration,  associated  with  pigmentation 
from   the   breaking-dnwn  of  red   blood-cells,  sometimes 
lake  place  in  the  liver,  iu  the  kidneys,  and  in  the  gastro- 
intestinal canal.     Intense  pigmentation  from  extravasated  i 
hem<^lobin  is  produced  in  so-called  internal  and  external  | 
bemorrhagic  pachymeningitis  (see  Vol.  II.).     The  newly   i 
formed  connective-tissue  membranes  in  that  disease  usually 
present   all   the   stages   through   which   tlie   hemt^lobia  I 
passes  from  the  intact  re<l  blood-cell  to  the  crystalline  ' 
iDtraceltnlar  hematoidin. 

Tlie  following  are  also  to  be  classed  among  the  pigmen- 
tations depive<l  from  the  blood : 

(a)  HemonidfrosU. — Thi.s  process  is  physiologic  in  the 

blood-forming  and   blood-destroying  organs  (the  spleen, 

liver,  and  hone-marrow)  and  it  may  be  increased  by  any  ] 

'  pn>ces8  that  tends  to  increa.se  tlie  destruction  of  red  blootl-  ; 

cells  or  arlificially,  as,  for  example,  in   [MTnii'ii 
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PLATE  i8. 
Fm.  I.— fHgmentlromanOld  Apoplectic  Focus  In  the  C 
brum   (Henint.^itiii.      -   2P0. ) ;    1,   .Spincll.-  M\>t   t 
Turuied  fcnnwlivivtiBiUt'  ciipfulfi;  2,  iinwlj- I'orniLii  liliimJ-visselK ; 
KDKitphic  hemuloidin  ;  4,  Inrgi-  luiduliir  miiiit* ;  6,  licmaloiilin  c(j 
Ule;  6,  imperfectly  rormed,  sniiiU  uiiidlgurimtpd  i:PVEtnU. 

Km.  2._H«niOBt(lBrin  from  a  Small  Apoplectic  Focus  la  11 
Cerebrum   (Caniiin-iiulMuiuMi    IpiTxcyitiiid   and   h)-dn>Gliloriv  « 
X  280. } :  1.  LcMHe-mcflied  ntnntKlivn-tiMue  cupeule  t>t  the  apoplec 
Rictui  2,  tissue  ditrii»el,vintlllmleil  with  hemuRidDrin  ;  3,  larger,  ints 
eelluliir  inu^u  uf  bcitxKiderin. 

Ftu.  8.— I^Kraentatlon  of  the  Lung  In  Brown  Induratld 

(Hemnl.-Hsiti.      -.  300,):  1,  Bwolirn  u!vTOl»r  epithtliuni;  2,  alveotal 
cpilbcliiim  tiUi-d  witli  blo(>d-p[gin(?nt ;  H,  intrnccllular  bl<iod-pigi 
within  thu  pnilift^rHtod  intentjtial  tissue. 

and  in  artifivially  produced  plethora.  In  artificially  pi 
diioed  lieniolyeiB,  as  m  poisunine  by  toluylemliamin,  t 
henic^lobin  eeeapes  from  the  erj'thn»cytcs  into  the  plasma, 
while  leukocytes  take  up  the  red  blood-oelb,  especially  in 
the  spleen,  in  the  rapiUariea  of  the  gastro-intestiual  canal, 
and  in  the  bone-uiarrow.  From  these  situations  cells 
containing  reil  corpupclts  (globuliferoiis)  are  carried  to  the 
liver,  where  the  hemoglobin  is  briikeu  up  into  bile-pigment 
devoid  of  iron  (bilirubin),  which  is  excreted  into  the  bile- 
passuges,  and  a  fermginous  remainder,  which  is  taken  up 
again  by  leukocytes  iu  the  form  of  hemosiderin  and  by 
them  distribute*!  and  dcitosited  in  various  oi^ans  by 
blood  and  lymph  current  (Biondi). 

Tn  pernicious  anemtn  an  abundant  <Ie]>ositinn  of 
6ne!y  granular,  pale  brown  or  yellowish  pigment  gi' 
the  iron  reaction  takes  place,  especially  in  the  liver 
also  in  the  bone-marrow  and  in  iJie  kidney.  In  the  liver 
this  pigmentation  is  distinguished  raorphologically  from 
bile-pigment  by  the  greater  minuteness  of  tlie  granules 
(Plate  10,  Fig.  1) ;  cirrhotic  livers  may  present  pigmenta- 
tion with  heinosiclerin  (Kretz).  The  production  of  cir- 
rhosis with  pigmentation  \s  usuully  attrihutril  to  a  change 
in  the  composition  of  the  bliHxl  and  a  simultaneous  altei 
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tioii  ftf  the  livi-r^vlU     Tlio  livor-w-lb  are  unable 
vert  tht.'   rcti   bloud-ovllo  iiilu   tiemulultliii,  aii<l   pigmeiil, 
ilejmsilcd  in  tlie  wWi  a,s  liL-mu.tiderin,  rt'praeieiits  a  pre-1 
liminnrv  ftniigiuou*'  sta^^-  nf  liemaloidin.  f 

(fi)  Hentoch-omrihauf,  wtiicli  was  lirat  described  by  von  ] 
Rcokliiiehaiisen,  is  also  aiwoeiateii  with  the  hrpakiDgHlo\vii  ■ 
of  red  b|{)od-f<'lls.  It  is  ulu^ii  attended  by  extensive 
hemosiderosis  in  tlio  liver,  lynipli-j^lands,  and  fatty  tkene 
[also  of  the  paniTfiis;  tiit-  paiioreas  and  the  liver  may  i 
allow  extensive  cirrhr)iic  eiianges — pigmentary  cirrhosis,  J 
sometimes  assoc'ijiled  with  diabetes. — Ed.1.  I 

The  smooth  mtiscle-filjera  of  the  wall  of  the  stomaeh  I 
and  intetitine,  the  bliMMl-  and  lymph-vossels,  the  urinary  f 
bladder,  the  iireters,  the  vaan  deferentia  ;  the  connective-  I 
tissue  sheathB  of  bloml-vessels  and  glands  which  are  richly  ] 
supplied  with  iymph-s])ace9 ;  and,  finally,  the  epithelium    ' 
of  the  gastric   and   inteutinul   glands,  tlie   salivary  and 
lacrimal  glands,  the  mucous  and  sudoriparous  glands,  may 
show  pigmentation  in  the  form  of  an  inlraceluilar,  finely 
pnninlar.  li^ht-brown  pigment,  devoid  of  Irtjn,  which  has 
lieen  designated  bv  von  Heeklinghailsen   fiemo/uscin,     lu 
the  intestinal  canal  the  pigmentation  is  often  so  intense  aa 
to  give  the  perit*meum  everywhere,  or  in  certain  places,  a 
dark-bi-own  appearance,      "fhe  pigment  is  evidently  de- 
rived from  small  aipilhiry  hemorrnages  or  diapedeses,  and 
is  t')  be   reganied    as    the   expression   of  a   hemorrhagio 
difithcsis.     It  is  generally  Ix'lieved  tliat  the  hemofuscin  is 
brought  to  the   tissue  in  solution   and  suhweiincntly  un- 
dergoes conccnlnilion  within  the  cells.     It  has  been  found  ' 
that  the  musculaiuru  of  the  intestine  in  the  adult,  nt  least 
in  some  of  the  cells,  even  under  nomml  circumstances, 
almost  withont  exception,  contains  minute,  yellowish  pig- 
ment-granules devoid  of  iron,  and   llial  the  nnmber  of 
these  granules  incn-ases  in  proi»ortion  to  the  individual's 
age.    The  deposition  of  tliese  pigment-griinulcs  is  increaseil 
by  cachectic  conditions,  esiJecially  chronic  tuberculosis  and 
csircinosia.     In  severe  grades  of  alcoholism  the  pigmenta- 
tion is  sometimes  intense.    As  a  rule,  the  j<')ruium  is  most 
severely  alfwtwl,  and  tlic  ileum,  cecum,  and  colon  i 
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PLATE  ig. 
Fio- 1.— HemoslderoslB  of  the  Uver  in  Peraicknis  Anemia 

(Hennit.-erjsin.  .  280,)-  li  Central  Tein  ;  'i.  smull  oi.rUs  i.f  livtr- 
celU  with  fuUvacuoliw ;  il,  ililaled  livtrr  capilluwii ;  4,  tinpty  graiiulur 
boinosiderin  deposited  in  [hi-  liver-oclle. 

Flu.  2— Pigmentation  of   the  Brain  In  Chronic 

(Ueinat.-eiidin.     .   2St). )  :   I.  linilii  au)>6(uiicc> ; 
utiUlidHliLdi^pcMiitsuf  tiielntiiri  in  their  wulls  ;  3, 1'lipilli 


The  pigment  is  fiiiuid  fvorywiierp,  ciiIilt  oxi'luaivelySH 
miich  mtire  ubundaiitly  in  tlii'  I'Higiimlitiul,  lis  comparea 
with  the  circular,  mii.-clf-liiindlw.     Tlit;  celte  t)ieniPelvt!S 
du  not  appear  to  be  atmpliic ;  IViiiueiitly,  imleed,  they  are 
enlui^d  aud  contain  [lijjnicnl-spiiKllcs — /.  e.,  lat^  spiadl 
shapcvl  acciimnlation^  of  pigment,  which  is  UHually  find 
granular  and  almost  completely  obscnres  tbe  nutslci  (d 
Vol.  I.,  Plate  55,  Fig.  2).  ' 

((■)  Under  the  nurae  of  oclironomit  Yircliow  desoribi 
peculiar,  inky  black  pigmentation  of  the  cartilages,  t«ndnd 
ligaments,  and  articular  capsules,  which  sometimes  aM^ 
attacks  the  intima  of  the  aorta  and  the  lymph-glaiida. 
The  discoloration  is  produced  by  a  (lifliis*  imtiihition  of 
the  intercellular  gubtance  or  sometimes  bv  the  deposition 
nf  granular  pigment.  Virchow  attributes  ils  origin  to  an 
increase  of  the  brown  (lis<«loration  of  cartilage  fretjuently 
observed  in  old  people,  and  Iwlievos  that  the  pigment  is 
derived  from  hemoglobin.  [Concerning  new  cases  of 
ix'hrono.sis  and  ils  relation  to  alkaptonuria,  see  Osier,  7%e 
lAincd,  Jan.  2,  1904.— Ed.] 

{d)  Chronic  malaria  is  accompanied  by  a  smoky^ray 
di.scolonition  of  many  organs,  esweiiilly  the  Hver,  brain, 
spleen,  and  bone-marrow,  whieii  lias  been  designated 
TTuttiiiemia.  The  phenomenon  is  attributed  to  tlie  de- 
stniction  of  the  red  blond-ci-lls  by  the  parasitic  hemamrebie 
(Plasmodia)  during  their  develapmcnt.  with  the  pHwhietion 
of  a  black  jiigment  from  the  hemoglobin  of  the  dcstniyed 
cells.  On  microscopic  examination  the  organs  mentioned, 
e!ipocm]]y  tbe  walls  of  the  smaller  arteries*  and 
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arc  otioii  fimiul  to  cwntain  an  extraordinarily  large  number 
I  i)i'  fiiif  i)liitk  graiiulcn,  which  resemble  [Mirlicles  of  Clnnese 
Thew  iiarticlos  are  in  part  intnu'elliilar,  leukwytcs 
[  esiXH'iuIiy  being  oftVo  I'ompletoly  loaded  with  them,  and 
t  in  part  inttTcelluhir,  replacing  the  lament  of  the  endo- 
I  theHal  wlhs  (Plate  19,  Fig.  2).  The  granules  do  not  give 
I  the  iron  reaetion. 

(f)  Finally,  tlip  pigment  which  lemlH  the  peculiar,  in- 
Uusely  gri-en   ixilor  to  certain  surcuniatous  tumors  that 
'  asuallv  origlniiU'  in  the  iveriosteum  is  aWi  attributed  to 
Hpecial    aherutioiis   of   the    hemoghibin.      The   ]>e('nliar 
i  grevnidi  eolor,  which,  aii  a  rule,  is  well  markol  only  in 
I  the  recent  stale,  Ims  given  to  these  tumors  the  name  of 
]  ehloroma.     As  tlicir  occurrence  is  occai*ionally  found  usso- 
I  ciated  with  [teruicious  auemia,  the  discoloration  hai^  been 
attrii>uto<I  lo  the  di^innLT-aiiiiu  of  red  bUwd-cells  which 
tJikiis  phut  at  ihc  s:irii.'  tiiii..  ^ililiougli  the  iron  reaction  j 
(nniiot  be  dcmon.-'lnilci!  in  llir  j.igment.  I 

Jaundice;  Bile-pigment. — The  pigmentation  kmiwu  J 
as  ieterns  or  janndice  is  due  to  liilinibin,  which  does  not  I 
contain  iron.  It  may  arise  in  one  of  two  wayd :  Either  I 
the  Iiemoglobin  is  convcrteil  within  the  vascular  system  1 
into  liilinibin,  which  i»  identind  with  hematoidtn,  and  I 
pri-ci  pi  lilted  in  the  organs,  a  condition  described  as  hemn-  1 
UMjeiKiim  jimndiee;  or  the  production  of  bilirubin  in  the  J 
liver  is  increased  and  tlie  pigment  is  deposited  in  ahnornml  | 
situations — hepntoffenic  jatmrlkr^  Jaundice  is  usually  I 
followed  by  diffuse  imbibition  of  the  intcrcellnlar  snl*- 
stacce,  as  well  as  of  the  cells  ;  only  in  ver\'  higli  grades  I 
of  Jaundice  is  the  pigment  deposited  in  the  fiirm  of  par-  | 
ticies  and  granules  within  the  eclls.  Hemati^nous  jaun-  1 
dice  is  sometimw  obstTvcd  in  the  nov-lmm,  and  finds  its  l 
erpivssion  in  the  appearance  of  a  iiystultine  pigment  in  J 
the  form  of  niby-red,  rhombic  p!;it'"s.  i-|H(ially  in  tbo  I 
kidneys,  a  priH-ess  which  is  also  .li-^iKti:tt<>il  liilinibin  in-  1 
farcl.  The  crystals  arc  chiefly  found  wiihin  llie  urinlfei^  ] 
ons  tnbnies,  and  may  also  l»e  present  in  the  bliHid,  pnihably  , 
as  a  result  of  postmortem  clianges.  The  presence  of 
bUirnbiii  ia  deroonatraied  under  the  mieroecope  by  t 
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PLATE  zo. 

Fill.  1. -Congestive  Jaundice  of  the  Liver  in  Carcinoma  ol 
the  Head  ot  the  Pancreas  (Hi^niat.-Kxiii.      -    ^m.) 

vein;  2,  .■nnl^  i.f  liver  it-lU ;  3,  livc-r  ttlln  willi  ilirt'>U.'  UU'W  iiigriiHl 
t»di>li ;  4,  liiio|iisiin-Nl  .'iifit  fruni  it  htiiull   liili' ni|iiHiiry  ;  5, 
lular  e»i'rrti('ii-vN('<ii>li'n  tillu]  wiLli  bilo-pi^mvut. 

Fio.  2.— PiKinentatlon  of  the  Skin  In  Addison's 

(HemaL-nuin.  x  280.).-  1,  .Stmtiim  (.'Dnipiini ;  2,  role  Mulpigbiil 
8,  inloiiHcty  |Hgr»enlnd,  i^yliiidriu  Wcmeiit  iMyur;  4,  t-lininiaUiphonip 
In  ibe  cu^ ;  5,  pnpillary  body. 

of  the  wdl-knowii  nnielin'fl  ivartion  witb  iiitri<r  acid 
Uiiiiiig  a  little  iittniu^  u<!i<l.     The  cryt^liilH  ]in-iwiit  a  nipi 
play  iif  eoloni,  passing  (i-oiii  green  to  red  and  finally 
yellow. 

Wheii  the  flow  of  bile  from  the  liver  is  oliMtnictod,  tl 
sei^rction  is  damtnctl  Imek  in  the  hile-diicti^  and  the  rraull 
ing  obKlradive  juiiiidiit;  an  it  is  destgoated,  affects    tl 
moat  minute  procttises  of  the  ci'lls.     The  eentral  portiwi 
of  the  liver  acini  are  especially  involved  (Piute  20,  Fi^ 
and  are  loaded  with  a  dark,  green  pigment,  which  in  {>ai 
leads  to  ililT'use  imbibition  of  the  cell  and  in  jinrt  is  * 
po.sited  williin  the  eells  iu  the  form  of  sauaage-shai 
glohnhir,  or  branching  structures.    Sometimes  these  etrui 
urcs  may  lie  traceable  from  the  intercellular  bile-capillaries 
into  the  so-ealled  secret  ion -vacuoles  of  the  cells.     The 
minutest  biliary  jMitwages  then  ap|)car  to  be  iiiietited  with 
dammetl-up  and  inMpi.^sated  bile,     The  endothelial  cells 
of  the  hloiHl-capillaries  also  may  be  diffusely  impregnated 
with  green  pigment.     The  liver-cells  frequently  undergo 
fat- in  lilt  ration  through  the  deposition  of  numenuis  email 
fat-granules.     In  severe  grades  of  universal  jaundice  tht 
icteric  pigment  may  be  deposited  in  other  orgai 
the  form  of  gniuulous  or  irri^ular  mns-ses ;  thus,  for  ex* 
ample,  in    the  kiiiney.s,  where  the  pigmentation  cliiefl' 
attacks  the^  epithelium  of  the  ofinvoluied  tubules,  whiol 
are  eometimes  completely  fille<l  with  a  compact  mass  of 
minute  bilirubin  granules  (Plate  80,  Fig.  2,  Vol.  IL).    In 
these  cases  the  ca^I»  formed  from  the  epithelial  cells  whiohT 
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110  IiHTHOilRE.SSIVE  METAMORPHOSES. 

PLATE  20. 

Ktii.  I— Congestive  Jaundice  of  the  Uver  In  Carcinoma  O 
the  Head  of  the  Pancreas  (llmi«t.-iiosin,      .    awi):  I, 

vein;  2, >!- ..f  livi-r  cdU  ;  iJ,  livi-r  p.-lU  Willi  Hiir.i*.- iiwrio 

tuU'in;  *,  biltvl>iyment  corX  from  h  sninll   l.ll.i  mpillurj  ;   G, 
lular  sHcmtioii-vni'UuU-'i  lllk-d  wilii  1>il<t-pij;iuui.i. 

Fiu.  2.— PismenUtion  of  the  Skin  In  Addtson'a  Disc 

(Hemat.-oiwin.  x  280-1:  1.  StraUini  ooniomii ;  ■>,  rcW  Mnlpigbii  j 
8,  IntBnwIj  pi^menlwl,  i-ylindrii;  bmcmcnt  luj-ur;  4,  climiiiatopbora 
in  th«  cutis ;  a,  p«pllbirj'  budy. 

of  the  Wfll-kniiwii  Grnelin's  reaction  witli  nilnc  acid  conii 
taining  it  Utile  nitroiLJ.  iioid.  The  crysbiU  jireiieiit  a  rapiq 
play  of  (wlors,  passing  from  gi-efn  to  red  and  fioally  f 
yellow. 

Wlipii  tlie  flow  of  bile  fn.ni  tin-  liver  is  obstructed,  ihA 
seeretioii  is  datiiiiietl  buck  in  the  bile-ducts  and  the  restilti 
iug  obslruclive.  jiiuikHcc,  us   it  Ih  dei>igtiate(I,  aSbcte    ' 
tnoHt  tniiiute  prooesHes  of  the  cells,     The  central  pnrtioni 
of  the  liver  neiiii  are  twpecisdly  involved  (I'lalc  '20,  Fig.  IM 
and  are  loaded  with  n  dark,  green  pifrmeut,  which  in  par( 
leads  to  diffuse  imbibition  of  the  Ml  and  in  part  iB  d 
posited  williin  the  cells  in  tiie  form  of  sa usage-shaped j 
globular,  rir  branching  fltnictures,    Sometimes  theee  struct 
ures  may  bo  tmceablc  from  the  Intercellular  bile-capiUanei 
into  the  HO-calh^l  secretion-vaciioles  of  the  cells.      Thq 
minutest  biliary  passages  then  aiijwar  to  be  injected  witl 
damme<l-up  and  iuxpissuted  bile.     The  eudotlielial  < 
of  the  MofxI-capillarieB  also  may  be  diffiLsely  impn^nate 
with  green  pigment.     The  liver-cells  frequenlly  iindei^ 
fatr-io filtration  through  the  deposition  of  numerous  s 
fat-granules.     In  sevLi-e  grades  of  universal  jaundice  t 
ieteric  ])igment  may  lie  deposited  in  other  oi^ns,  alec  ti 
the  form  of  gnmulous  or  irn^ular  masses ;  thus,  for  6x4 
ample,  in    the  kidneys,  where  the  itigmentation  chiefly* 
attacks  the,  epithelium  of  the  convoluted  tubules,  which 
are  sometimes  completely  tilled  with  a  compai^  mass  of 
minut«  bilirubin  granules'CPIate  SO,  Fig.  2,  Vol.  II.).     In 
these  cases  the  casts  formed  from  the  epithelial  cells  whiuli  J 
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ha%*e  been  cast  off  as  tlif  result  nf  tho  fatty  ehaiige  in  the  ] 
renal  epitlit'liiim  tlisit  takes  place  al  llit-  same  timp,a«  v 
as  waxy  cabtH  consiKling  ol  uii  an)tirniiiims  substanra,  ur  1 
hyaline  casts,  also  appear  infillnited  with  bile.  Thel 
[  ^ttuular  bile-pigment  may  even  «K'posit  itst-lf  in  the  heart  I 
muscle;  the  iDiifU'Ie-iTlls  appear  iliHiisely  iiitiltnited  with  | 
minute  gniniilcs.tliiits'litf'fring  from  tin;  pigmeiit:itiuti  that  | 
is  oliRTved  ill  hnwn  jitropliy. 

'A,  The  pigmciU,  whieli  is  mirmally  ikpusitetl  in  * 
quaiitiiii'-i  within  ihc  wlls  of  the  liearl,  kidneys,  the  i 
siipriir'ri;il  !""lii'>,  !iinl  testicles,  is  rcganiwi  iih  the  resnlt  I 
of  metabolic  cellular  activity.  The  pigmcntiition  I 
usually  inerejistw  in  advanced  ap^,  when  the  oirresponding  J 
organs  al«)  undergo  atrophy  (citmpare  Atniphy).  This  f 
pigment  is  formed  within  the  corres[H>nding  |>arenchym- 
aUiiifl  cells.  It  is  a  normal  product  of  cell-metabolism,  and  I 
accutniiliiti^  with  old  age.  There  is  not  the  slightest  ] 
reason  for  deriving  this  pigment  from  the  pigments  of  the  ] 
blood.  I 

4.  Tiip  foiinh  group  is  formed  from  those  pigments  I 
which  are  normally  present  in  tho  skin  and  In  the  eye,  I 
and  whicli,  under  ^Mithologic  mnditious,  imdergo  an  cnor-  ' 
mous  increase  l)oth  in  the  skin  and  cspeciallv  in  eerlain 
tumors  which  have  their  origin  in  the  skin  nr  in  the  eye 
ball.     In  CO ntr-.idisti notion  to  the  pigments  ileriviii  fron 
the  hlood,  these  pigments  have  been  designated  atttoctt- 
thonotis  pigments,  «n  the  ground  that  they  arc  fiirmedJ 
in  the  eelU  tinni-rlves  throngh  the  metabolic  activity  ofT 
the  ei'll-piv>ti>pl:ifni,  "r  are  to  be   regarded  as  metuboliol 
I   pnxiiicts  nf  the  eell^. 

The  normal  pigment  of  the  skin  is  located  chiefly  in  \ 
\  the  basal  layer  of  eylindric  cells,  and  the  darker  the  eom- 
\  plexioD  of  the  individn;i],  the  higher  this  deposition  of  i 
i  pigment  extends  in  the  Midpighian  layer.  The 
I  mentation  consists  of  minute,  spheric  or  prickly  granules, 
\  ibund  chiefly  within,  but  to  some  extent  also  between,  the  ] 
the  cells.  In  the  bnsnl  layer  rod-shaped  ctmglomerations  j 
I  of  pigment-granules  are  iilsri  found.  The  quantity  of  J 
meat  varies  greatly  according  to  tlie  ratic,  and  even  iq. 
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individuals  of  the  Bame  raw  it  Is  subject  Ui  tnarkej 
fluctuatidiiH.  The  cimuni  aU),  especially  in  personti  ol 
very  dark  complexion,  constantly  contaias  a  variably 
quantity  of  pigment  incorporated  in  triangular,  etellate," 
and  widely  branchiofr  cells.  These  i-cll:*  have  received 
the  name  elirumaionhfirm,  and  are  to  be  regarded  as  pig- 
ment carriers.  When  white,  mm -pigmented,  nr  very 
faintly  pigmented  skin  is  transplanted  on  a  black  la- 
dividual  (negru),  numerous  chromutophores  at  unoe  api 
in  the  coriiun  and  bruig  In  other  pigment,  so  that  aiter 
time  the  n  on -pigmented  piece  <)f  skin  becomes  quite  i 
dark  an  the  »kin  whieh  surrounds  it.  The  ehromato)>horcs 
travel  from  the  corinm  inti)  the  epithelium,  deliver  the 
pigment  to  the  eells  in  that  layer,  and  either  return  to  the 
corinm  or  undergo  dissolution. 

Conversely,  when  the  dark  skin  of  a  negro  is  trans- 
planted to  a  white  individual,  the  tmnspliuited  piece  nt 
oucc  loses  its  pigmentation,  the  pigment  Ix-ing  transported 
back  from  tno  epidermis  to  the  cerium  tliruugn  th^ 
agency  of  the  chroma tophores.  Within  the  epidermto^ 
these  cells  load  themselves  with  pignient-f^nules,  tbeD 
begin  their  travels  into  the  deejier  layer  of  the  cutis, 
ana  carrj-  their  pigment  to  tLe  nearest  Ivmph-nodes, 
where  it  may  be  cither  deposiled  or  still  fiirtlier  elab- 
orated. These  chromatopliores,  therefore,  play  a  most 
important  rtle  in  the  development  of  every  form  of. 
normal,  as  well  as  pathologic,  pigmentation  with  e(M»lleif 
autochthonous  pigment ;  but  where  thev  get  this  pigment 
from  in  the  last  instance,  and  whether  it  is  to  be  rt^rdt  ' 
as  a  kind  of  exen'ineniitious  product  of  the  orgunisni 
having  Its  origin  within  the  cells,  or,  as  some  things  a] 
;>car  to  indicate,  is  ultimately  deriveil  from  the  blood,  ai 
questions  which  have  never  been  entirely  cleared  up. 
fAconrding  to  Metclmiknff,  whitening  of  hair  la  due  W'j 
the  removal  of  pigment  by  phagocytic  cells. — Ed.] 

An  increase  of  the  cutaneons  pigment,  Bometimes  attaini 
ingextraordinarydimeusions,  is  observed,  even  iu  indiv'**' 
uals  who  are  not  naturally  of  very  dark  eoraplexion, 
the  svmptoni-c<;'mplox   known   a*   Ai1(li«on'a  diseaac.      In 
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PIGMENT. 

almost   iill   tlif   cases   ilistiif-o  of  ilic   fiiipratviial   btHliei 
UI^U£llly  {>i  ii  tulicrciduu:i  iiiitiirL',  iti  dt'iuoiiiitntblc.     Qiiil 
retiently  llie  theory  has  bceo  iulvaiiced  hy  Liibiirsch, 
the  ground  thut  the  suprarenal  glands  puuscss  a  glycog 
producinj;  liinutioii,  that  tht^sc  ni^iit!  tHKiwcwi  th«  jjower 
elTect  a  pix'ultar  mixlificatiou  of  tnc  albumin  in  thu  material 
derived  from  tlie  blood  and  the  tissiie-juit-es,  which  molli- 
fication normally  leads  to  glyeogcii  forraatioTi,  but  in  other 
places  may  he  ntilizetl  fiir  the  ])rotlui'tion  of"  pigment.     Ab 
a  rule,  there  is  an  emirnious  ovorloadiug  of  tlie  epidemii»j 
with    lirowii    pigment-gFJuiules,  wliieh    are  iiinst  densely] 
paekwl  and  present  the  darkest  color  in  tlie  basal  layerj 
and  arc  gradually  lost  &>i  the  iipgter  laycr^t  are  approoclied^l 
(Plate  20,  Fig.  2).     But  the  pigment  which  is  norranllf  i 
demonstrable  in  the  connetitive  li.ssne  of  the  eorinm  alaff 
undergoes  some  increase,  and  scumliiiKs  tyjiical,  branch- 
ing chnimatophorea  are  seen  inuiinli;iii'ly  lirlmv  ilie  l«sal 
layer,  extending  their  processes  in  Ii.'Twvcil  i\\r  epithelial 
cells  and  thus  unloading  their  pigment.     .Sometimes  the 
email   peri\'a.'wular   lymph-nudes   in    tlie    skin   are  also 
pigmented  in  this  disease,  and  even  the  regional  lymph- 
glaiids  may,  under  certain  circumstances,  exhibit  a 
eiderable  deimsition  of  pigment  (Selimorl). 

Finally,  toere  should  be  included  in  this  cat^^ry  the 
pigment  which  occurs  ui  the  skin  in  the  form  of  eircura— 
scribed  deposits,  and  is  designated,  according  to  itfi  extent, 
ditoaama,  freckles,  or  liverspotn  (ephelides,  lentigines). 
When  these  patches  are  raise«l  and  as8ociate<]  with  an  in- 
crease of  the  entisor  epidermis,  thev  are  «ille<l  pigmentair 
warts  or  mevus  pignicntosns  [pigmented  mole. — Ed.j, 
The  histologic  struotiire  of  these  growths  \vill  be  di»enssca 
iu  detail  in  connection  with  the  description  of  nielaiiosar- 
coma.  For  the  present  it  will  siilTiic  lo  loenlion  that  the 
pigment  deposition  in  nevi  takes  ])lm-r  in  ilu*  c-orinective- 
tissue  cells  with  more  or  less  fnlly  <lrvcl"|«'d  processes, 
which  are  sitnated  Iwneath  the  fivqiuntly  atleimated 
epidermis,  whrre  they  form  a  reticular  framework  (I'late 
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21,   Fig.   2).     These   e*lls   are  also   to   be   regarded  as  ^M 
afelOtgft^phoreB,  or  dwivativea  of  the  aamei  and  are  some-^B 
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times  found  in  oxtmiiixiiiiurily  clohc  army  and  dem 
packed   with   darli    jiigmeiit.     Sometimes  a  titevuH   )i 
mcntodus    is    well    developwl    in    tlie    ntw-born,    or 
growths  develop  later  in  life 

The  fullest  develiipnieut  i>f  uutoclitlu>nDUs  pigment 
occurs  in  the  pigmentMl,  suroomutous  tumors  whieh  grow 
either  from  tlie  skiu  or  from  the  eyeliall,  and  are  desig- 
nated melanoaarcoma.  Greut  caution  must  be  observed, 
however,  not  to  define  every  bn>wn-color«i  tumor  as 
melanotic;  for  under  certain  circumstances  a  ouuliinioiis 
hemorrhage  by  diupede^is  may  lead  t*>  an  almost  diSutw 
pigmentatkin,  especially  in  sjireoniata  whicli  grow  a.ro<—^ 
blood-vessels.  E\-cn  within  a  niclunosmrcoma  wirt  of 
pigment  may  be  due  to  extravasation  of"  blood  from 
erosion  of  vesaeU  (tr  hemorrhagic  infarction, 

Primarily  tlic  nieliiaiu  of  a  pigmented  sarcoma  is  ab 
intrawirular.  but  it  may  be  subsequently  libemted  by 
disititegnition  of  the  cells.     For  sonic  time  after«iira  tbe 
mas.<)es  of  pigment  maintain   their  original   arrangement 
and  remain  in  contact  wilh  one  another;  but  later  they 
are  forced  a|>art  by  the  plasma  Blrcam,  and  this  may  lead^ 
l>i  iliH'iise  deposition  of  pigment  in  the  tissue,     SometiaH 
the  intense  pigmentation  in  portions  of  these  tumors  gifl 
the  imprsssicm  that  the  breaking-down  of  the  cells  mi 
be  due  to  the  accnmulntion  of  pigment.     This 
even  been  adopted  by  Rindfleisi'n,  ami  some  authoT«  hal 
even  spoken  ni  jiirjmfntai-y  drtfeneratiott  of  tumor-cells  j 
such  cases  the  intercellular  substance,  of  course,  also  ' 
comes  more  or  leee  pigmented.     It  is  not  ni 
observe  leukocytes  and  contractile  cells  loaded  with  pi 
ment-granules,  and  the  latter  may  also  be  carried  in  gi 
numbers  into  tlie  lymph-glands.     The  serous  menibn 
and  especially  the  kidneys,   may  exhibit  ejitensive 
mentation  of  the  cells,  as  well  as  of  the  intercellular 
stance,  and   pigment   in    large  quantities  may  make  il 
ap)>pjinincc  in  the  uriue  (raelannria). 

('hemic  examination  of  the  pigments  derived 
these  melanotic  tumors  fails  to  yield  uniform  r 
Berdez  and  iflencki  have  described  the  pigment  of  thi 


tiitDors  ii,^  itliiiirinfcrhnxiii,  ; 

in  horsi's  ai~  hipii"iii<liini)i, : 
\  nil  exti'aortliiiarily  liij^ti  |i 

Umiiglit  that  tliix'iK.iiiud  t 
I  pigment ;  but. 


11.(1  tluu  or  tiK'  i.lnili«il  l<iiii..r  J 
mil  ii:ivi.'  -hiiwn  tliiit  it  contiiiiia  1 
iTi'ciil:l;;i*  -A'  .-llljiliur.  It  waa  I 
)  till'  iiiii-iLrflliilar  oHgin  oi'  Uia  1 
)ii  tlif  (itlu^r.  liaiiiJ,  till'  (bcorj-  of  a  hctiiu- - 
I   tijgeniMis  origin  was  upiicld   In-  M.  U.  Hcliniitt  becati.«tt-] 

iBV  of  the  pigment-granulisi,  :it  least  tcmjMtrarily,  give 

'   the  liemositlcriu  resittion  (see  p.  22).     At  all  events,  the 

tiliemir  exuniination  uf  the  pigment  nf  the  skin,  hair,  and 

t'VM,  trom  which  the  pigment,  of  melanoi^rcuinala  is  lin- 

qiiestionalily  deriveil,  fiiilM  to  jieltl  any  (iinvincing  reasons 

vtt  deriving  it  fi-um  the  hcninglobin.      Pigmented  tnmora 

I   are    Crcfiiiently    i>bserved    in    alhincies    hIhi    are    entirely 

I  devoid  of  other  forms  of  pigincnl,  nml   it  Ih  well  known 

that  gray  horses  are  particnlarly  Halile  to  develop  melano- 

sareoma.     Iti  mun  the  tnmnr  has  Iieen  oliM'rvittl  to  neeitr 

wliile  the  pigiiieiit  of  nevi  in  other  regions  of  the  body 

I   was  dtsa]ipeimng  sjiontaneonsly,  and  llie  dcveloiiment  of 

'  the  tumor  iw  sometimes  aetsmipimied  by  rapid  blcaehing 

I   of  the   hair.     In    tluwe  eases  ricarhiut  ple/iiii'iiliiUoii    has 

I  been  said  to  ocenr. 

5.  The   term   exogenous   pigments   is  applied  tu 
'  foreign  botliei*  wilh  eoloring-niutter  of  their  own  which 
I  enter  the  orgsmi^m    from  witlionl.     The  ixirts  of  entry 
L  are  llie  respirator^'  and  iligeslive  oivniis  nnil  the  skin,  the 
I  the  latter  only  in  the  <aiae  of  woinids.     The  most  import- 
I  ant  nf  these  exogentiits  pigments  is  coul-tjust  in  the  lungs, 
1  lefldiiig  to  the  eondilion  known  as  tiiithinfogiii.     This  pig- 
f  ment  was  formerly  belioveil  In  I'nnsisi  of  u  material  fornie<l 
within  the  IhhIv,  nn'iv  p;irlic-iil;ii'lv  ^illiiii  the  lungs  them- 
selves, and    .Irrive.!    fn.iii    di,.   I'.h^.d    (Masse,  Virchow); 
[  but  in  the  yoiii-  ISIKI  'riinibe  ileiin.ii.-iiiiteil  in  the  anthra- 
ootac    pigment  of   ehan-oal    workers    the    chanieteristic 
[  Btipplcd   eelis  of  carltonitied   vegetable  structures.      The 
inhaled  dust  is  chiefly  dejHisited  in  the  so-caIle<l  dusl>-cells, 
consisting  eithtrof  i  pithelium  from  the  pulmonary  alveoU 
or  of  leukoevii-,  ainl   possessing  a  eirt^nlar.  angular,  and 
polygonal  ^hiipi'.     These  dust-cells  possess  the  property 
I  of  conveying  the  ]iiLroientcil  fun-ign  bodies  into  the  "' 
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Klu,  1  .^Anthracoais  of  the  Lungs;   Deposition  of  ( 
pigment  in  the  Perivascular  Connective  Tissue  (Alum  i 

11P«I,        ■    yiXI.):    I,     Klliintliclilllll    nfH    |.|,n.il-vc.-.l'li    2,    iulra.'plluk^ 

jiigmciil  within  llni  lyii)j.ih-t'li'l'l*  [  -i,  liirgo  iiiasfi*  of  free  pigiueiil;  4, 
(lc«]Uaniill«<I  ulvi-iilHr  i';)iili{'liuin  cniiuining  pnrlivlcs  <if  c-iHil-Uust, 

Fill,  2.— Nkvus  Pigmentosus  from  the  Skin  on  the  Dorsum 
of  the  Foot  (llWMil  li;B*,ii  [iropnmtion.      .  •2l'A).y.   1,  Fiiiiilly  j 


■iiUd  <■ 


•^Uai-Ui 


Lv]U ; 


2,  t.]ilirr 


mlU   li. 


diirk  pit'iii'^nt;  3,  fruu  fftUlrciplelj 

Fici.  a.— Argyrosis  of  the  Kidney   [From  Alan)   (Cm 

X  SeO.):   i,  Uriiiifcruus  tiihujes;  1',  gloiiii'nili  <<iidi.il  with  parti 
of  eilver;  3,  parUcl™  uf  rflvar  dsptieilDd  in  llie  iiitiuibruniipruprisq 
uriniferoiu  tubules. 

FIGURE  VII. 
Tattooing  of  the  Skin  of  the  Forearm  ( ■ 

liiyer;  2,  ntlfiiimlnJ  Uj-its  .if  irtu  Miilpi^liii ;  3, 
4,  pigment-gmnulM  within  t1ii.>  pBptUH>;  1>,  lurj^e 
in  tbe  nnium. 

flome  of  tlicm  escape  from  the  alveoli  through  the 
substaDoe  between  the  epithelial  eelln,  jiihI  cuter  i be  lymph- 
channels  in  the  alveolar  walls,  to  !m?  <li-i.o.-ii(i!  cilher  in 
Iho  varions  intnipiilmonary  lyinpli-nodi'M  •.<]■  In  niiike  their 
way  into  ihe  peribronchial  and  ]x'ritnioho;il  lyrnph-glands 
(Ariitilil).  The  aeeimmlation  of  conl-pifrirn'iit  may  reach 
an  exlnionlinMfy  degree  in  men  whow  (Hriipation  keeps 
them  ainrititntly  in  an  atmoMphere  eonlaiiiinj^  end-du&t 
(minerfi,  Ht<)kerw,  chimney-sweeps).  In  the  pnlmonary 
tissue  the  black  collections  of  dust  nre  fnimd  chiefly  in 
theperiviiscularand  ])erilmmeliial  connective  tissue,  wliirfi 
is  (fensely  packed  with  the  material  (Plate  21,  Fig.  T' 
The  dust  is  found  cirher  fi-ee  or  inclose<l  in  cells,  e 
in  the  dilated  lympli-clefts  of  tlie  tissue;  some"  of  < 
pigment  parlidew  are  fiiund  in  desquamate*!  cells  witl 
tlie  alveolar  spaces,  and  fn»m  these  the  greater  part  of  the 
pigment  is  constantly  eliminaU-d  by  espectoration  and  the 
action  of  the  ciliated  celU  of  the  bronchial  ephhelium. 
When  the  .'Kxumulation  in  the  lymph-glands  ib  excessivaJ 
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irritiuinii  nl'  tlie  fim-igii  lioilies  leads  to  ohroiiic  in- 
matiirv  priRtusCri,  At  fiv>l  llie  pigTiicnt  is  di^ixisitHl 
a  the  lyin|ili-BiiHiws  ur  at  tin-  pfripncrj'  oC  tlie  fullicles  ; 
Blcr  a  now  furmiiliim  nf  «>iiiiective-lissiit'  fibers  lakes 
ilace  from  the  trulxTiilie  unJ  tlic  reticulum ;  and  um  the 
ccintiiiues,  tlm  gland  gradually  becomes  miicli  in- 
inrated  and  lose-i  a  lai^  jmrtion  of  its  lymphatic  cells, 
hen  a  lymph-node  lias  imdergone  tliese  cliimges,  it 
insists  chiefly  of  SM-Ienitic  filji-ous  tissue  densely  infiltrated 
ith  freecoal-i>ariiolea. 

Sometimes  the  ghmds  erilai^  and  rupture  into  a  neigh- 

iring  oi^n — as,  for  instance,  tlie  brunohi ;  the  pigment- 

len  glandular  tissue  is  exfoliated,  and  tlio  inKy-blut.k 

lasses  are  expectorated.     The  enlarged  glands  may  also 

iiise  erijsion   of  the  walls  u?  contiguous   blood-veseeU, 

.nd  the  pigment  may  l>e  (farried  away  in  the  blood-stream 

td   li-ad   It)  metastasiii  in  distant  organs.     In  caaes  of 

^toronofun-Lil  iiHlhracosis  the  spleen  and  liver  are  sometimes 

impn'gnated    with    mii»so.s  nf  block  coal-pigment.     It   is 

needless  to  sjiy  that  other  kinds  of  dnst  of  different  colors 

may  produce  a  characteristic  pigmentation  of  the  pul- 

lonary  tissue  and  thus  obscure  its  original  tint.     After 

le  continued  inhalation  of  iron  osid — as,  for  example, 

ig  workers  in  golil-leaf,  paper-dyers,  polishers,  etc. — 

lungs  may  appear  red  fnjm  the  presence  of  the  oxid 

'(mlerotk,  von  Zencker). 

In  the  skin  exogenous  pigmentation  is  observed  chiefly 
after    the  artificial    introduction    of   coloring-matter    into 
'ounds,  as  in  the  pmctice  of  latlnnliiff,  which  still  obtains 
savages,  as  well  as  among  civiliztil  peoples.     The 
ited  fon'ign  bodies,  eon.'^isting  of  coal,  India  ink, 
ir,  uitraniarine  blue,  inm  oxid,  usually  occnny  the 
and  the  outi;;,  and  are  fi'uud   either  within  the 
7   in   small    lymjibatie   nodules,  where   tbey  form 
of  varying  sizes  (see   Fig,  VII,).     Witliin   the 
1  area  the  epidermis  is  attennated,  on  account  of 
innumerable  minute  punctured  woun<ls;   the  layers 
Malpighian   layer  arc  diminished :   the  {Hipillaiy 
flattened,  and   the   jwipilla?   are  poor  in  blood- 
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vessels.      The   regional    lyniph-gfand-*   may    W 
laden   with  iran,sin)rt(.il  piymeat-ftraniiU's,  whk-h 
H]>ecial    tendiiiiey  In  form    \uvff'   e()nglimienitii)ii»   in  ( 
lyinph-simisea  (V.rl.  I.,  Plate  14,  Fig.  1). 

A   typical   exam[>Ie  of  pignienliitioii   of  die  orgoiiia 
with  exogenous  pigment  lierived  fii>m  the  gaslro-im 
ainal  is  found  hi  tfrgyria.     Tiie  tlrug,  wtiieli  is  usual 
ingested   for  medicinal  piir[»iines  in  the    iorm  of  nitrs 
of  silver,  ie  reducetl  in  metallir  silver  In  miniiU' granule 
ami  de[)osited  in  many  organs,  the  xkin,  the  ecmjunetiv^ 
and  the  sclera,  the  serous  membranes,  tlie  dura  nuiter,  l" 
choroid  jJesuwes,  and  especially  the  kidney.      In  yiA 
marked   wises   tlie    glomeruli   in    (he   latter   organs  i 
virtually  changed  to  silver,  and  on  the  rut  surfaces  ap]*a 
even   t«   the   uaked   eye,   as   pitoh-black   gtxinules. 
microsc4ipic   examination   (Plate   21,   Fig.   'A)  the  silvt 
gruniiles  are  swn  in  the  vascular  cdiis,  and  particularly  " 
tlie  (.■enicnt    substance    bctwei'u   tlie  ciutr.tlicliiil   cells',  i^ 
unbroken    nnvs.      The    un.'lfi  of  ihc   cn.loilKlinin,  and 
even  the  nuclei  of  the  cpithi4i:i!   cell-,  (iiny  !>,■  cMiiiilrt-'ly 
obwiurcd  in  places  by  the  dense  aei-unuiluiiou  wf  pigm 
The   metal    is   also  deposited  in  the  ejipillaries  betwec 
the  urinifcrous  tubules,  especially  in  the  medullary  sufl 
stance,  and  densely  scattered  in   the   mcmbrana  propi 
of  uriniferoHs  tubules  and  within   the  connective-tisoi 
oelle,  where  it  collects  around  the  nuclei.     Sometimes  i 
infiltration    with   silver   is   severe   enougli   to  produce! 
proliferation  of  connective  tissue. 

A  somewhat  similar  phenomena  Is  the  so-cnilcd  i 
line  in  chronic  lead  poiMming.  It  is  due  to  the  precipitl 
tion  of  black  sulphid  of  lead  fn»m  the  k'ad  ctjmpounr 
eirculnting  in  the  blood  of  the  affected  individi 
not,  as  was  formerly  believed,  to  the  enlnmce  (if  minufl 
particles  of  lead,  fn  this  case  Jilsn  the  rlc]K)sition  takj 
place  chiefly  in  the  endothelial  cells  of  the  JjliNHl-vessela 

NECROSIS. 

Itide[M-ndcnt  of  the  death  of  the  entire  ..rgjuii 
*  hofort-  it  iHx-nrs,  a  givat  variety  of  injurious  in 
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liring  alwuit  the  destruction  of  certain  dcfiuite  cell  I 
tfrriliirius.  The  daul  portions  of  tissue  may  retain  their  I 
shape  anil  luntinue  to  hold  their  former  place  in  the  i 
nihilism,  ulthotigh  their  function  i^  abolished  and  they  j 
ceaee  to  take  part  in  any  of  the  vital  proeessea  of  the  re-  1 
maindcrof  the  body.  This  destruction  of  cellular  material  ' 
may  take  plaee  in  the  following  uopdition^  : 

1.  In  degenerative  prooesses  the  course  and  termina- 
tion of  which  have  l>een  minutely  described  in  the  pre- 
ceding section.  It  was  seen  that  under  normal  conditions  1 
these  degenerations  may  take  place  in  certain  cell-com-  ; 
plesea,  causing  their  gradual  exeUisiun  from  their  original 
connection  witli  the  remainder  of  the  body.  Tims,  fur 
example,  in  the  skin  a  c^mstnut  horny  change  takes  pluce 
in  the  epithelial  cells  of  the  nppcr  layers  of  the  rete  Mai- 
pighii,  with  the  simultaneous  death  of  these  elements  and 
their  gradual  disappeaninee  by  desipinmation  or  mechanical  i 
removal.  The  cornifietl  cells  suffer  local  tissue-death.  A 
somewhat  similar  phenomenon  is  obsc-rved  in  many  gland- 
cells ;  their  disintegration  helps  to  form  the  secretion  of 
the  gland,  which  ultimut^^lv  appears  on  the  surface,  and 
the  cells  are  thus  k>st  to  the  bixly  as  building  material. 
If  this  process  remains  ineonipleEe  and  the  nutrition  of 
the  cells  continues  inadequate  tor  any  hength  of  time,  the 
resulting  interference  with  o-tidntion,  as  we  have  seen 
above,  usually  leads  to  fatty  metamorphosis  of  the  affected 
ports — as,  fiir  example,  in  certain  parts  after  stenosis  of 
the  Dutrient  arteries  from  chronic  inflammatory  processes 
in  the  vessel-walls, 

2.  When,  however,  the  nutrition  is  completely  cut  off, 
local  tissne-<leath  or  necrosis  of  the  affected  parts  ensues. 
The  sensitiveness  of  tissues  to  a  diminution  or  entire 
stoppage  of  the  nutritive  supply  is  not  always  the  same. 
In  the  case  of  some  jK-renchymatous  elements,  as,  for 
example,  the  renal  epithelium,  ligation  of  the  arteries 
lasting  only  two  hours  suffices  to  bring  aliout  the  irn»- 
vocable  death  of  the  tissue,  while  oliier  kinds  of  tissue — 

I,  for  example,  skin,  ninscle,  and  tendons — are  much  less 
Itive  Mid  withataod  the  effect  oif  oGclusion  nf  their  ■ 
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arteries  for  some  time.  But  after  a  wrtain  limit  has  beea] 
exceeded,  even  the  subsequent  restoration  of  the  entire 
blood-nnpply  does  not  snffiee  to  bring  about  recovery  of  1 
the  affV-cted  tissue ;  on  the  contrary,  tlie  flow  of  nutritiva  1 
material  apjiears  to  hasten  tJie  mlveut  of  total  tissue-death,  fl 
and  the  iisheriug-iu  of  processes  of  dissolution.  The  ex- 
pUnation  of  this  phenomenon  will  lie  taken  up  later. 

3.  An  organ  or  rertaiu  ocll-complexes  may  be  utterly  1 
deetroyed  by  »>me  overwhelming  catastrophe  that,  iiever^  1 
thelesH,  does  not  endanger  tbe  life  of  the  organism  as  al 
whole  or  even  cause  any  material  ilaniage  if  the  aSect«d  I 
tissue  is  not  of  a  very  high  order.  Under  this  hendT 
belong  mechanical  influences — such  as  preasnre,  a  blow,,! 
or  a  concussion — causing  injury,  destruction,  or  oven  thai 
entire  separation  of  tissue  from  the  reniainderof  the  body,! 
end  cheraic  and  thermic  injuries.  The  severest  injurieal 
of  the  first  class  are,  of  course,  those  which  produce  iu-r 
stantaneous  coagulation  or  solution  of  the  ulbumiuou^T 
substances  in  the  ])rutoplasm  of  the  body.  The  thermira 
causes  of  necrosis  may  be  divided  into  bums  and  exposur^ 
to  extreme  cold ;  excessive  heat  causes  tissue-death  byfl 
coagulation  of  the  albuminous  substances,  while  pnttracteaff 
exposure  to  moderately  exciessive  heat  is  usually  followed  i 
by  some  local  dc^nerative  process.  Electricity  may  alsai 
cause  local  tissue-death,  e8i>eoially  when  its  action  is  oom-9 
bined  with  electrolytic  processes  in  the  botly  substances.! 
Finally,  this  category  includes  injuries  due  to  infectioiifl] 
processes  that  are  set  up  by  the  death  of  circumscribed  J 
portions  of  tissue  and  by  the  action  of  the  poisonoits 
metabolic  products  of  vi^etidde  or  animal  parasites. 

When  dentil  oeeiii-fi  suddetily  in  a  considerable  porlioal 
of  a  ]wrt  "f  the  Uvly  ami  the  tissue  retains  its  connectioiia 
nth  till'  limly,  tin'  |>nici>^9  is  railed  necrosis;  when,  howJ 
■ver,  the  injuriiiii:-  intliii'iiccs  enumerated  lead  to  gradnt 
death  nf  inciiviiliiitl  'cll-wjinplexcs,  withaslowand  graduf 
diminution  of  tlii'  vital  processes  down  to  the  Kcro-pointJ 
the  process  is  designutwl  nr^Tobumis. 

Tlie  micn»HHipie  appeamnce  of  the  necnitic  part  varies 
greatly  nw-oriliiig  to  ihi-  ciuisf  and  the  special  I'umjKtsitionil 
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w  the  aRertwl  tisniK?.  Typical  necrosis  Is  seen  in  luorliG- 
cation  of  tissue  from  nutritional  disturbance.  Such  mor- 
tification most  frequently  occurs,  as  has  already  beeu 
stated,  from  embolism  causing  occlusion  of  the  nutrient 
arteries;  in  animal  experiments  the  best  way  to  produce 
the  phenomenon  artificially  is  to  ligutc  sm  artery  that  does 
not  possei«  any  collateinl  branches.  After  the  nutrilional 
disturbance  lias  acted  for  a  certain  length  of  time,  pro- 
viding there  has  not  been  a  subsequent  inflow  of  blood 
into  the  infarcted  region,  as  has  been  minutely  described 
{see  Embolism),  the  mfarct,  even  to  the  naked  eye,  usually 
appears  as  a  pyramidal  mass  of  tissue,  very  pale  in  color, 
with  the  apex  directed  toward  the  occluded  vessel ;  its 
consistence  is  greater  than  that  of  the  surrounding  tissue, 
and  its  volume,  at  least  during  the  early  stages,  is  also 
increased.  The  infarct  at  tliis  period  usually  projects 
above  the  surface  of  its  surroundings.  Microscopic  exami- 
nation reveals  total  destruction  of  the  cellular  elements, 
the  more  minute  changes  in  which  will  lie  described 
presently. 

Diametrically  opposite  theories  have  existe*!  since  the 
earliest  times  in  regard  to  tbc  can^>  of  local  tissue-death, 
after  the  nutritive  supply  has  Intu  cut  off.  One  theory, 
founded  and  advocntctl  by  Virchow  and  his  followers, 
seeks  the  t^use  for  the  death  of  the  cells  in  progressive 
desiccation  from  suspension  of  the  bUxjd-suppfv- 
!  of  its 


part  of  the  tissue  dii-s  from  gradual  loss  of  its  water, 

' '  '    '      '       ■     '   ■       '  >■  ig  tissue,  somewhat 

Mit  falls  off  or  wilts 


which  is  absorbeii  by  the  s 

the  same  manner  as  part  of  a  | 
;r  the  flow  of  siqj  has  cea.sed. 

Serious  objections  have,  however,  lieen  raised  against 
..is  theorv ;  for  in  the  beginning  an  increase  in  the 
volume  of  the  infin'cti-d  district  can  l>e  demonstrated ; 
chcmic  examination  does  not  show  that  there  is  any 
diminution  of  nioi&tnrc,  and,  finally,  it  is  the  rule  in  the 
case  of  infarcts  in  certain  tissues  (central  nervous  system) 
tn  find  that  they  take  up  water  from  the  surrounding 
tissue  and  arc  thus  converted  into  a  semifluid  or  fluid 
On   ihrullirv  IiMtid,  Weigert  advuncci.1  thc^lhwry 
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PLATE  22. 

Pm.  1  — FrDin  the  Margin  of  a  Recent  Anemic  Infarct  of 

the  Kidney  t  <  ^■):   I.  UrinilVnuu  uihultv  uilli  intni^t  rtiid  tiiigible 

micOoi ;  -J,  i.riuif.Mi.us  lubuW  witli  nm-.M  tlmt  will  not  toki'  tba  stniu  ; 

S,  gloin^ruliu  wiUi  riucrutlc  ••i^Uh, 

Flo.  2.— Skin  In  Senile  Gangrene  ( •  ->mi) :  1,  Stnttutn 
2,  ruW  Miil|iigliil ;  tliL'  rmolL-i  iirt'  alrniUy  siiiin>\¥hut  iiidistiiiptly 
thruugli  tbo  tUsuc,  iiTid  in  pint  nro  bun-lj*  rettignizuble,      Sum 
tbem  urv  vncutilatnl ;  8,  curium ;  the  nuL-k'i  liavo  lust  the  puwef; 
•talning ;  4,  grnniiiur  uiuorplious  tiUHMl-pigment. 


that  tlie  local  tissuo-death  is  in  tlio  main  dui,-  to  a  cougul^ 
tivtf  |)n»H?ss  in  tlie  cell-lxKlifs  and  in  tlii?  musi^k's,  and  he, 
thei'efore,  siH-uks  of  a  vwiguhition  iircroniii.  Tliis  form  of 
cnagulatiim  nuist  not,  however,  be  fonfounded  with  the 
fiinntuinn  iif  fibrin,  which  rt^jlarly  taki-s  place  in  in- 
liirttiHi  dlKlricts,  Ixith  within  the  cells,  and  particularly  in 
tin-  bliKKl-vessels  of  the  embolized  diBtrirt  after  stasis  and 
ect'ondarv  tliromhopie  in  the  blood-ves-sela  have  taken 
])lat«.  This  ooagiilntion  of  the  cell-albnmin  is  due  to  the 
action  of  the  {tla^ma-.'itreani  on  the  dead  tissue  dements, 
which  are  still  cii|]ablc  of  coagulation.  Tlie  plasnia- 
stream,  both  before  and  after  the  death  of  the  tisem<, 
enters  the  dead  porlinn»4  from  the  iicijrhlmring  regions, 
even  after  the  former  have  alrondy  been  diprived  of  their 
own  circulation.  The  proeetw  evidently  bears  a  close 
resemblance  to  fibrin  coagnlation,  although  the  two  are 
not  quite  idenliuit ;  for  the  dead  cells  funiish  an  abnn- 
<hince  of  ferments  which  enable  the  fibrinogen  of  the 
plasma  to  exert  its  action  on  the  neerolic  cellular  material. 
The  in vestigii lions  of  Schmaua  and  Albrei^lit  afford  abso- 
lute proof  of  the  occnrrence  of  this  form  of  coagulation 
by  the  treatment  of  freshly  ii^olated  tissue-cells  in  micro- 
scopic prepanition  with  water.  When  normal  cells,  as, 
for  example,  renal  epitlielia,  arc  ex[>oseil  to  the  action 
of  water,  a  marked  swelling  and,  Inter,  solution  of  the  .I'll- 
Ixxly  take  place — the  so-«illed  "trttpju;e  EvImiKi-lnntii" 
[Thi.s  phenomenon  is  easily  explainable  as  the  r^snlt  of 
absorption  of  water  by  the  cell?;  in  ol)eyanee  tn  ihe  hnvs 
of  osmosis, — Eii.l      Atler  ligiilion  of  the  renal  arteries 


i 


12 
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tlie  it1I-I)iiiIW  ill  lliu  njiipsc  nf  n  (iw  iIuvh  iiiiiiitic  |i:niiiii'd 
lar  in  striiclun.-  ami  will  mil  dissolve  in  whIlt, 
or  ulkalli«.  It  i^  I'videnl,  llierL'fiire,  tiiut  it  suliil  hculy,  io! 
titiliiblL'  ill  dilute  acid^,  alkalis,  hu<]  iifutml  siilts,  is  iuniiej 
f'miu  the  t-oiistitufiits  wliii-h  were  originally  in  n  liquiq 
slate.  It  is  [xiswiljlf  that  tiiorti'  onagnlative  [irocesscs 
furnish  an  ex  plana  lion  tor  the  tart  that  hyaline  cliuii^ 
and  ealeilication  sunielimer'  lake  jilace  as  setiiiidary  phff 
nttnicna  in  tissues  the  seat  uf  coagulation  neeiiis' 

In  addition  totheseeheHiic[iinditliysieal. — Ki).]cliniig( 
in  the  protoplasm  oiTtain  iin^xirlant  niorjihologie alterationj 
tiike  place  in  nwrotic  tissue  or  tissne  that  is  approachinf 
the    stage  of  iiecninis;    the  nuclei    ultimately    r1i<^ppetll9 
and  cell-lKKiy  and  nucleus  are  converted  into  a  humogene? 
Otis  mass,     yome  of  these  processes  are  extremely  oom 
plicated  and  present  nunierouH  points  of  resembhince,  o 
the  one  hand,  to  iho  proliferative  conditions  nf  tlie  eel^ 
nuek-i  in  mitoii(r  division  of  the  cells,  und,  on  the  olhei 
hand,  to  postmortem  changes  jiroduced  by  the  proa-sse*!! 
that  take  place  after  death  of  the  entire  organisms.     It  i 
nee<ileBS  to  aay  that  in  the  latter  wise  the  pietureof  simple  J 
necmsis,   under  naturul  conditions,  is  soon  obw'un'd  Itf 
the  occurrence  of  putrefaction  ])roces»es  which  arc  due  t 
the  vital   activity  of  bacteria,  but  in  recent  seetio 
tissoe,  remove*!  from  the  body  with  aseplin  pre(«ution 
and  preserved  in  sterile  receptacles,  many  of  the  priwess* 
]trt!sently  to  be  de«!ril>e<l  may  be  olwervcd.     These  pro 
ess<«  may  be  divide<l  into  various  pandlel  grinps  nf  disi 
t^jnitive  changes  ("  Dcconstitutions-priM-cssc  "),  any  one" 
of  which   may  predominate  over  the   rest,  ilcpendin^  i 
the  nature  nf  tlie  afi'i-ctcil  orjran   and    the  attendant   c: 
ternal  dronmslauces.      One  of  the  chief  phenomena 
dying  tissue  is  n  pnigressive  disnpjteanince  of  the  clin>- J 
matin  substance  of  the  nuclei,  a  proecse  whicli  is  desi^  1 
naled   karffol>/»U   (Rlebs).      In   sections   cut   from   suebv 
necrotic  tissue  the  nuclei  fail  to  take  the  normal,  weli-> 
marked  stain,  as  in  the  surrounding  healthy  tissue,  and  | 
if  demonKtrabie  at   all,   they  appear   c\ceedinplv   pale; 
^metimes    the    i-ell-pri'tophiVm    alsn    stains    feebly 
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PLATE  2V 
F113.  1.— Karyorrhexis  in  ■  Recent  Anemic  Infarct  of  I 

Kidney    (Ciiri..iii-i.K-Hc   nn-L      ■    »M.):   1,   I'rin.lV.roiu   tubi.lu*  j 
whidi  [111'  epillnliuiii  Li  Bjjlit  uji  uiiJ  rrugiiieiiU'd  uiid  Uio  nudci  J 
swircely  rewiguiailile ;  2,  wlvuiicwl   karyolygis  i[i  Ihi-  uptlLcliuiuS 
uribifnraUB  lubulcs;  :l,  interititiiil  u'»fliie  iiiflltralcd  with  leukuoyt 
4,  hyperchminakHia  of  Ihe  luiplokr  wull  and  other  haryorrh^tio  t]| 
tn  the  PK\h  ••(  thv  iiitcretitinl  lisi'itc  und  uf  [he  toukiicytes. 

Via.  2.— Beginning  Cheesy  Oegenenition  In  Tube 
Plteuinonla  ((.'Hriiiiii :  Wtiij:<Tt'R  filirlii  suiin.  m  026.):  1. 
wrII  ;  2,  eiVL>llen  and  .'u.^t-'.tr  o|.itMii<1  o<'1Ij<  ;  3,  reniHiiit  uf  nudetl 
«|ntlielia1  cells ;  4,  surviving  Hbriii ;  B,  t'U'wj-  mass  ilerived  from  4 
int«gratod  celU  of  ihu  exudate ;  G,  hj{)en'hrt>nia loses  or  nucleu-  m 


reagents  whk-Ii  under  normal  circumstniicps  s|JorificaIiy 
affect  the  nuclei.  These  pnH-cwes,  as  well  as  tlie  iic*iir- 
reiioe  nf  coagulation,  lire  attrilmtpd  to  the  action  of  tbe 
jilasma,  it  Ix-ing  8Ut>p"w<l  ihnt  llu.'  ennslant  Iiatliing  o( 
llie  dead  portions  witli  l_viii|ili  l.■:ul^  tn  macerjition  ami 
gnidunl  solution  of  tlie  i-liri.iiiiHiii,  It  is  iilso  cinite  ctin- 
neivuble  tbat  a  preliminary  loi.sening  of  tlie  cliniuial^ 
snbrttance  may  take  place  from  its  natural  support,  i 
nuclear  framework,  tlie  nucleoli,  and  the  nuclear  walI,J 
tliat  the  continued  action  nf  the  plasm a-i^t ream  s  ~ 
wiifili  them  away.      Synclii-onously,  or  somctinjts  1 


befiire,  tlie  cliromiilin  nn< 
jMisition  which  cvenlually 
the  chromatin  framework 
particles.  These  ]Kirlielvi 
lia/Jird  and  scattereii  iiIhuH 
.iitrary.   the   process. 


lerpLH's   a   pcetiliar  cbanj^  i 
[•nih  to  the  l>reaking-<hn 
mil   its  eiiiiver^iiin  into  n 


T 

1  Ihe 

kitn/oir/irxia 
(Klebsj,  goes  timiugli  certain  definite  stages  and  apjKnra 
to  obey  definite  laws,  the  snccesfive  pictures  sngfresting  a 
certain  nnalt^y  fn  normal  karyokinesis.  Stmelimes  the 
dironiatin  aeciiniiilnle.-  anil  gives  the  iioiire-^^inri  llial  tlie 
chmmalir  -nlT-i:iiir,.  i^  incn-aseil ;  thick.  sf,:i|,,l,<..  Li-niii- 
nnd  linnil.-!"'!!  r-ii:ipc.l,  i>r  irrt^ular,  gniTiiil.-ii-.  an^i  .-irllatc 
piirtirli-  i.r  ehrniiialin  grannies,  de|Kisil  lhciii-ilv.>  <.i\  tilt; 
niivlvnr  I'nimcwiirli  and  li-id  to  the  condition  known 


^i'^^ 


xKcnosjs. 
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hi/]xTrhromtit<«<in  iif  tlir  framework  SonictiimH  pL'uilliaf 
roset-shaped  figiires  arc  lurmcil,  runiiKliiig  one  of  tbo 
(inughter  utiirs  in  mitosis.  Tlic  chnimatiti  particlci!  may 
be  urraugod,  either  in  a  multiplicity  of  exlniordinarily 
minute,  or  in  a  few  larger  ki^uIW  "f  splicric  or  angular 
grannies  in  tlio  nuclear  wall,  iu  wliicli  case  we  s}K-ak  oi' 
liyperehromcUwis  of  the  nfuUcar  wall.  l«ter  tiic  nuelesir 
wall  suffers  numerous  soiuttoiia  of  i-ontinuity,  and  the 
chromatin  portions  gradually  escape  into  tlie  cell-body  in 
the  (<>rra  of  budding  masses.  The  chromatic  substance 
either  escapes  fnmi  tiie  nucleus  in  the  form  ni'  a  few  lai^, 
shapeless  dn^ips  an<l  invades  the  jirutoplasui,  or  it  may  escape 
through  the  unclear  wall  in  the  rtlui|ic  of  innumemble  mi- 
nul«  spheres  and  encii-cle  the  nuclcns,  which  has  now  be- 
come piMjr  in  cliromatiD,  witli  budding  (igures  resembling 
a  mulberrj'  or  even  a  bunch  of  grapes.  Finally,  the 
wall  melts  c«raplctely,  the  nucleus  wiisea  to  represent 
a  closed  vesicle,  but  instead  consists  of  a  variable  mass 
of  more  or  less  coherent  fragments,  arranged  in  the  mnst 
irregular  manner,  and  connected  with  one  another  by 
numerous  fibrillar  bridges.  This  stage  again  may  lead  to 
the  production  of  figtires  which  at  the  first  glance  exhibit 
an  extraordinary  resemblance  to  mitosis.  It  is  to  ' 
not«d  in  this  connection  tbat  practically  the  same  pi 
esses  actually  may  take  place  in  nuclei  engaged  in  karyo- 
kinesis,  only  the  forms  are  now,  of  course,  more  variegated. 
Not  infrequently  the  nuclear  substance  undergoes  innplssa- 
tion,  and  the  chromatin,  which  at  the  same  time  may  Iw 
in  a  priK-ess  of  solution,  breaks  up  into  a  few  soimwhat 
more  fluid  droplets.  This  condition,  in  which  both  tin: 
framework  and  the  wall  of  the  nucleus  cease  to  Ix'  visible 
18  designated  jiykiimh  (Schmans  and  Albreehl).  The 
remaining  aclipomatio  nuclear  substance  also  exhibits  some 
structural  changes  and  can  no  longer  be  distinguished 
from  protoplasm,  nor  will  the  addition  of  acetic  acid  in 
the  uDstaine^l  condition  render  the  nucleus  visible  in  the 
cell.  At  this  stage  the  disappearance  of  the  nucleus  is 
complete. 

Up  to  a  certain   [i..iiit  llif  (■fii'iiiimcna  of  karyorrhi 


libit  ^_ 

>roo^^^H 
ryo-^B 
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PLATE  24. 
Kiu.  I.— Necrotic  Enteritis  In  Uremia  iCHniiin.     , 
i;oin|>leU'lj'  necrotic  uiui'iiwi  <•(  llio  Urgu  iiiti»iii»>i  2,  llic 
tniriiitiiw  uf  Lieiicrkuliij'd  ^liiiiii ;  li,  di^iiiiL-  uix'uniulutiou uf  leukucyM 
lieiiEalli  tilt-  iiLvriJlit  xunv. 

Fid.  2. -Blister  from  a  Bum  on  a  Cat's  Paw  Three  04yd 
after  tlie  Appllcationot  Hot  Sealing-wax  1  il<iijat,^-u.iii.  '.  Gil.)  J 
I,  Stnttmii  niriiL'Uiui  2,  -.urviviiij;  ri.'lL'  MiilpigliJi ;  8,  iiLtrotic  i 
uf  upidvfiiiiei  4,  tuiueii  uf  Ibu  lilitlvr,  wlik'L  liuil  Uwii  IIIIihI  t 
wtUtM  uxuUulK  Btid  cullulHr  iluliris  {  &,  uvciiniululiuii  of  IvubucyMB 
6,  epitlicliuTii,  in  [MirL  imwly  furiiiDd,  pushing  iu  vtuy  In  under  1  ~ 
blister  j  7,  ciiriuiu. 

may  Iw  studied  in  recently  remove*!  piet-w  of  tissiie, 
they  have  been  prescrvwi  with  aseptic  prctautions,  but  thj 
change  are  not  usually  tm  prunoiinced. 

The  changts  described  as  acltrtmis,  wliioh  take  place  11 
nnelei  ol"  ganglion -eel  In   id    the  central  nervous  «yet« 
after  jxtiraniug   with   broniin,   cocain,   and   nicotin,   ar^ 
I)rtiiMd)ly  to  be  regarded  an  analogous  to  pyknosis. 

Hand  in  hand  with  IJiese  changen  in  the  nrraugeraeDa 
of  the  clininiatin,  changes  take  place  hIso  in  the  elemental 
portions  of  the  parenchyniatous  cells,  the  oft-mentiooM 
AUmann's  (/ranuftv.  At  first  these  gninnles  accnmulatw 
at  the  free  bonk-r  of  tlie  cells,  their  arningement  i 
or  rodn  is  broken,  cnlartrcment  of  the  individnal  granule^ 
often  follows,  luid  fituilly  ,wnie  of  the  granules  may 
extnidtHl  frvini  the  eell-lxidy  ;  the  Inst  step  is  probably  t 
l»e  n^rded  as  tlie  cflect  of  the  wasliing-away  of  the 
by  the  plasmii-stroam  after  ltd  entire  framework  has  \ 
loosened. 

After  all  these  pbenoniorm  of  ooagnlatinn,  ehromatoW 
rhexis,  and  chromalulysis  have  l»een  ei^inpli-ted,  tfaere^ 
finally  remains  a  maw*  that  is  ahsoliitt'ly  nwistant  to  { 
nneleur  stains  and  only  faintly  tingible  with  iini 
In  snch  a  mass,  as,  for  example,  in  a  (wmpletoly  necrotic, 
anemic  infarct  of  the  kidney,  the  structure  may  still  be, 
on  the  whole,  distinguishable,  but  the  houndaties  Iwtween 
the  individnal  cells  are  completely  obliterated  (Plate  22, 
FJgf.  1  and  2). 


S,g.l 


It   lias   Ix'uii   IVtiiiifiilly   reiiKirkL-il   that   a   juin'i'sti 
lujuefactlon  takes  place  in  wrtaiu  organs,  as  tlic  n» 
of  the  action  of  certain  noxious  agents  in  the  living  tise 
Thiu,  fur  exaui[ile,  is  always  tlii;  cmm  in  the  sntistance  o 
the  ceutr.il  nervous  system   otier  oinUiiiMu  of  an  artery  | 
supiilying   a   ccrluin   region,      Tlic   nieiiullarv  Niilistaiiec  | 
evulenlly  takes  up  an  ini-reaswl  ijii;tiiiiiy  nf  Hiiti!  fnmi  the 
surrounding  tissue,  and  iimtciii]  uf  lirm  i-uagiilatiun  taking   . 
place,  the  iufarct^-d  p«iilion  utKk>rgiii?s  a  colliquative  change 
— in  a  word,  eneephalouialacia,  or,  in  llie  spinal  cord,  i 
lomalacia,  ensncs. 

The  uudei    undergo  the  same  processes  of  rearrange-  I 
ment  and   Holution  of  the  chromatin  (tcaryorrhexie;  and  I 
karyolysis)  as  in  the  case  of  solid  iufarctit ;  liut  the  cell-  ' 
bodies  and  the  inedidlary  substanci^  rapidly  break  np  into 
exceedingly  fine  fat-droplets  and  granular  detritns,  which 
are  tukeJi  up  by  granule-«ells  and  carried  into  the  iK'ri- 
vascnlar  lymph-spnecs,  where  they  are  ultimately  alisi^rlx<d, 

When  the  oceuirence  of  necnii^is  is  accompanied  by  thtM 
formntion  of  abundant   fluid  exudate  from   the  blood,  a8»« 
for  example,  in  wounds  or  iinriis  of  the  skin,  the  t^'picall 
phenomena  of  necrosis  are  attended  by  a  p;trlial   lic[Ue[iic.-    | 
tion  of  the  dead  tissue,     Thns,  for  exani|il.',  tlic  lurKid 
contents  of  a  blister  consist  largely  of  swollin  cills  hI'  ihe 
rete  Malpighii  that  have  lost  their  nuclei   )iy  karyojyti 
and  are  in  process  of  solution  (Plate  24,  Fi^r.  2).     In  llie 
t*ntTal  layers  a  copious  accumulatiou  of  fluid  may  take' 
place,  to  which  the  ebaracterislic  appeamnce  of  the  blisters 
IS  due.     The  cellular   material   in  the   npper  and  loi 
Inye-rs  continues  to  undergo  simple  nccrosi?. 

A  special  form  of  necnisis,  although  not  representing  B 
fundamentally  different  change,  is  found  in  (-asfation.  The  1 
ultimate  product  of  this  ehange  is  opaque,  and  is  usually  I 
oompanxl  either  to  solid  or  semisolid  (cream-)  clieeso.  j 
This  metamorphosis  is  observed  chiefly  in  tuberculous  i 
.  and  syphilitic  gmnulomata,  and  is  evidently  the  result  of  I 
the  sctinn  on  the  tissue  of  speoifio  jtoisons  elaborated  by. ^ 
'  the  infectious  micrn-ni^nipms.  Tt  is,  however,  not  chni 
acterisli,-  .>f  (iil..iviil,..i-  ,,,■  -s,,liii;^,  for  it  ^.imctii 
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I  in  tbe.  same  lorni  in  ill-iiiiurishcd  jjortioiis 
rapidly  gmwing  tumors  and  in  inm^si's  of  inAummalory 
c>xiKlato  that  arc  undci^iug  inspiijsatioii.  What  charac- 
terises caseution  ami  dtstinguislies  it  f'runi  eJniplc  iiccrosii 
ig  that  the  death  uf  the  cells  is  acf.'umpatiit^  by  the 
loction,  in  die  iutt'rcLlIular-spaces,  of  a  mass  of  traiieiidi 
ultimately  derivwl  from  theWwMi,  which  later  undi 
coagulation.  Owing  to  its  inorplinln;;;*'  >iTiiLl:inly 
called  canalized  fibrin, — i.  <:,  a  liyalinv  tiiniiiitiun.^ili 
substance  has  also  been  desigiiiil!.''!  /iV-y/KoiV/ iSi'liniiiii.-^  :iii 
Albrecht).  It  is  pi-obable  that  the  dying  i-dU  tiikc  na) 
in  the  formation  of  this  substance,  and  in  doing  so  lof 
their  identity.  Cheesy  titbercidous  tissues  present  all  tlie 
rearrangement  phenomena,  of  chromatin  which  have  jnst 
l»een  described  under  the  terms  karyorrhexis 
(Plate  23,  Fig.  2). 


cpoaia^^ 


ind  pyknoda^H 
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IV.— REPARATIVE   PROCESSES. 


So  long  n.-  lilc  L'iiiiurw  rt'j.fiieratiim  pixurssr,'*  Liiiist^ntly  I 
1  take  jiliice  in  tlio  tiuruiui  hoily  ;  niirnlH.'rs  uf  ccll^  are  used  I 
I  up  ill   the  jierlbrtuance  of  their  functioni^,  east  off,  and  J 
I  lost,  and  these  losses  must  be  made  up  by  the  formation  ] 
I  of  new  cellular  elements  to  take  the  plaees  of  the  old.  j 
[  Thug  llie  lymphatic  organs,  particularly  the  Hpleen  and 
'  the    lyrapli-glaiids,    exhibit    an    uniiityrruptefi,    tireless 
I  activity ;   their    germ-centera    constantly   prwiuce    lai^ 
L  numbers  of  young  lymphocytes,  which  advance  into  the 
Fperiphcral   layers  and  thence  make   their  way  into  the 
I  lymph-si  a  iieod,  to  be  (tarried  olimg  into  the  circulating 
I  lymph.     In   like   manner   the   cellular   elements  of  the 
I  blood,  which  are  constantly  used  up  by  the  vital  processes, 
I  must  as  constantly  be  renewed,  and  this  function  during  ] 
Ipostfetal  life  is  performed  by  the  spleen  and  the  bone-  [ 
I  marrow  Pand  hemolyinph  ghinds, — Ed.]      In   the  skiu  I 
I  and  in  all  the  mucous  membranes  the  superficial  cells  are  ] 
t  constantly  being  cast  lyff,  cither  mechanically,  as  the  result  ] 
I  of  wear  and  tear,  or  by  being  converted  into  the  secretions  | 
I  of  the  glands  of  the  skin  and  of  the  mneous  membranes ; 
I  and  in  these  structures  also  the  loss  must  be  made  good   i 
I  by  the  proliferation  of  the  cells  in  ihe  adjoining  layers —  ] 
in  tWue  situated  immediately  beneath.     New  build-   ^ 
King-stones  move  up  to  take  the  places  of  those  that  have 
rbeen  used  up.     Almost  everj-when*  in  the  Itody  a  con- 
E'tinuous  process  of  niiniitc  repair  is  necessai'v,  and  onoo   , 
'  the  material  for  this  repair  is  U!ie<l  up,  the  corresponding 
organ    suffers   more  or   less  injury  which   in   general   is   , 
regarded  as  a  sign  of  age  and  senile  atrophy. 

These    reparative    processes,    however,    are    rendered  \ 
necessary  not  only  by  normal  vital  processes,  but  some- 
L-tiiaeg  al^  by  tbti  eiiddeu  dettth  ur  injury  of  kt}^  cell- . 
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otiinplL-xes  in  the  Uwiy.     Lucul  tissue  injuriee  may 

Sluce  as  the  result  of  mwthanieal,  ohemic,  ur  thermic     _ 
iiences,  or  from  a  great   variety  of  morbid    prncesse^^j 
without  permanent  abulition  or  imjmimient  of  the  liintv. 
tion  of  the  respective  oreiaii  iieeessarily  taking  place,  ) 
all  the  Useuee  of  the  bouy  possess  in  a  variable  meaeui 
the  facility  of  restoring  jiarts  that  have  Wu  destroyed. 

In  the  simplest  cases  mechanical  injnry  leads  to 
production  of  a  wound  in  wliieh  normally  coherent 
territories  present  gaps  and  the  sejtarated  portions 
dei^  a  variable  degree  of  displacement.  The  tissue  : 
be  damaged  by  the  mere  fact  of  the  occurrence  of  _ 
wound ;  ccllfl  which,  under  normal  conditions,  are  guanied 
against  the  action  of  the  almospherlc  air  by  a  protective 
covering,  arc  suddenly  exjmsed  to  its  influences,  and  for 
this  reason  alone  certain  consequences  in  the  form  of 
cellular  death  make  themselves  felt.  If,  for  example,  the 
superficial  layers  of  epithelinm  on  the  external  skin  or  on 
the  cornea  are  removed,  the  exposed  cells  of  the  rete 
Malpighii  die;  but  the  defect  thus  produced  is  rapidly 
made  good  by  an  increased  production  of  cells  in  the  un- 
derlying layers;  these  cells  are  gradually  pushed  to 
surface,  are  converted  into  boniy  cells,  and  thus  the  ^ 
tective  covering  is  restored.  In  this  case,  therefore,! 
reetituiio  ad  ivUffrvm  takes  place,  the  lows  is  rapidly 
good  by  cells  which  are  identical  in  charact<?r  with  the 
cells  that  have  been  desti-oyed,  and  complete  ri'pnir  of  all 
the  destroyed  parts  results.  This  faculty  of  complete 
regeneration  is  not  possessed  by  all  the  tissues  of  tl 
body  in  an  equal  degree  and  also  varies  greatly  in  di 
ferent  species.      Thus  we  know,  for  example,  that  ai 

fihihions  animals,  especially  in  the  earlv  stages  of  tbi 
ife-history,  possess  tlie  faculty  of  conipfete  regcnerati( 
not  only  as  regards  complex  organs,  but  even  of  enl 
parts  of  the  body.  A  divided  extremity  is  so  iierft 
replaced  by  a  new  growth  that  the  substitutcti  port! 
can  scarcely  be  distinguished  from  the  origiual  part, 
mammals  and  in  man  tins  power  of  regeneration  is  Ii 
perfectly   developed,   but   in   these   orders   the   diff* 
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inds  uf  tissue,  or  mthor  tlic  variniis  (iitrGrciitiulioiiH  uf 

Itbe  tissues,  [k>s.***s  in  a  \ivy  variable  (Ifgrt*  the  tiiculty 

lof  replacing  lust   |)ni-iinii.   Iiy  nilitra  L'Xiiflly  like   lliem. 

■Ill  some  tissues  tiiis  jkiwit  i^  mil  Jeveliipetl,  wi  that  eveu 

ifter  considerable  1om,i  uf  riiibntance  ijoiiijilet*  tecovt-ry  in 

le  sense  of  retttUtUlu  ml  inUyrum,  both  analoniicall)'  aud 

'fuactionalh',   takes    [tluce.      In   other   tissues,   liowever, 

hile  the  divided  portions  may  be  reunited  or  the  loss  of 

ibetauce  may  be  in  [lart  or  wholly  replaced,  the  original 

9U0  ante   is   not  uttiiiiied   either   anatoiuiaiUy  or 

ictionally;    for    the    newly    formwl     tissue    remains 

permanently  a  tissue  of  lower  onler,  different  from  the 

type  of  the  destroyed  tissue,  forming  the  so-called  ro(«ira- 

tive  or  near-tissue. 

In  the  simplest  eases  heiiling  taltes  place  by  direct 
union  of  the  divided  jwrts.  Bui  even  in  this  case  a  few 
are  regularly  dcMtroyed  by  the  action  uf  the  causul 
lumutism  ;  with  the  excoptioii  of  this  trifling  loss,  how- 
ever, the  tissues  grow  together  and  into  one  another 
directly,  and  the  original  continuity  is  restored.  Very 
much  raon.'  frwinently,  however,  the  hoaltng  of  divided 
tissue  or  the  restoration  of  gaps  in  the  tissue  takes  plaoe 
by  re^enerjition — that  is  to  say,  by  the  new  formation  of 
[^extensive  cell-complexes.  It  will  presently  ho  shown  how 
.these  processes  in  many  resfieets  resemlile  inflammatory 
'w  tissue  at  first  representing  an  indiffer- 
•eni,  embryonal  connective  tissue — so-«aIled  f/rdnxintion- 
When  the  normal  processes  of  healing  are  dit*- 
[turbed  by  the  action  of  mechaiiicid  (causes,  as,  for  example, 
[contusion,  thermic,  or  chemic  agents,  or  particularly  by 
[the  invasion  of  mioro[»ariutites,  the  so-oalled  agents  of  in- 
rection,  the  granulation  tissue  by  which  regeneration  is 
"ffeot«d  at  once  presents  a  predominance  of  certain  kinds 
if  cells.  Appearances  are  produce*!  which  are  interpreted 
fl  inflammatory  processes;  these  may  exhibit  a  great 
many  gradations  which  cannot  be  sharply  sepanilwl  one 
from  the  other.  If,  for  example,  the  emigration  of  leuko- 
cytes greatly  predominates  over  other  olianges,  we  speak 
of  a  pnndenf  iTiHiinLiii:itinii,      Kv.>n  In  fiiich  ciise  eompleto 
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ling  may  take  placp,  a  form  of  rqiair  which  > 


lerly  designated  healing  by 


after 

BOIO- 

jting 


_     _  :1  intention  ;  but  i 

the  pathologic  and  analumic  »tandiM>iut  this  ici  not  a  p 
"  healing  process,"  aiice  it  i»  marred  by  the  presence  j 
inflarainatory  prt>cesses.  ' 

A  pmctifal  clusriifieation  suggested  by  Marchand  recog- 
nizes two  forms  of  healing  of  wounds:  (I)  Priroarj-,  or 
dirert   healing  j  simple  regenorutioii  of  epithelium   aftq 
solutions  of  coiitlDuity;  true  union  of  wounds  witb< 
loss  of  HuhstUDce ;  anS   healing  under  a  scab.     (2)  t 
ondary   healing  or    indirect    heulinff,   embracing 
variety  of  repair  by  wounds,  by  indirect  Rii>ans,  a 
panicu  by  extensive  loss  uf  sulistaucc,  and  pcctisaitatitig 
a  tc^lious  formation  of  new  tissue. 

Every  rejiarative  process  in  a  vascular  part  is  ushei 
in  by  certain  changes  which,  as  a  rule,  we  include  amoi 
the  inttanimatory  processes.     At  first  a  peripheral  amiq 

mont  of  the  leiikiK'Vtes  takes  place,  their  onward  taw 

nient  in  the  pripheral  zone  of  the  blood-stream  withm 
the  vessel  at  uniform  distance  from  one  another  is  inter- 
rupted, and  th«y  accumulate  in  the  dilated  capillaries  and 
veins  (Plate  3l',  Fig.  1).  The  n-d  blomU'ells  collect  to 
form  dense  masses,  and  their  outlines  l>ecome  indistinct ; 
a  so-called  glijjvlnr  driH»  takes  place.  Owing  to  the 
abnormal  iK'rmealiilify  of  the  vessel-walls  an  increased 
([uantity  of  serous  fluid  escapes  fnmi  the  vessels  into  the 
surrounding  tissue,  and  under  eerlain  circurastanocs  may 
lead  to  Ijalloouing  nf  the  integumentary  cells.  Ljiter  the 
extravasateit,  plasuia-like  fluid  may  accumulate,  fibrin 
may  be  precipitated,  and  these  cveutn-  may  be  attended  by 
the  same  phenomena  and  thus  produce  the  same  changes 
that  have  just  Ijeen  described  at  length  in  connection  with 
hemorrhage  and  thrombnsi.*.  The  greater  the  quantity 
of  cellular  material  that  has  been  destroyed  by  the  trau- 
matism, tlie  greater  the  quantity  of  fibrin  fermeitt  that  is 
liberated,  and  the  more  fibrin  is  pri'cipit.ited  from  the 
fii)rinogen  of  the  serous  fluid.  The  fibrin  fills  out  the 
defec^t  and  projei'ls  on  the  free  surface  of  the  injured 
tissue;  if  the  infiltrated  tissue  dies  in  part  or  as  a  whol 


wh 
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LP  fibrin  may  be  so  intimately  raised  with  tbc  tissue  tliiit 
luossible  to  (li»lingui:^ii  the  two  wbarply  from  Mcb 
;ber.  Tbe  fibrin  not  only  tcmporariiy  fills  the  (lc'ft>ct, 
L'h  as,  for  example,  the  interval  between  two  gaping 
lund-t'dgcs,  but  also  brings  almnt  agglutination  between 
At  the  same  time  the  wound-aurface  is  temponirily 
lUt  off  from  injurious  external  infiuenceH,  especially  tliat 
utmosplieric;  air.  The  fibrin,  however,  is  never 
more  than  :t  temporary  formation ;  the  dosure  of  Uie 
wound  by  tibriii  cannot  be  iwrmaiieut,  for  tlie  fibrin  itself 
is  remove*!  Inter  on  and  its  mission  is  sol<'ty  to  form  a 
briilge  or  point  the  way,  as  it  were,  for  the  newly  forming 
granulaUon  tissue,  which  presently  titkes  It«  plaee  miJ  for 
whieh  it  probably  also  l)e<ti)nies  imjKirlant  as  nutritive 
material ;  part  of  it  is  alisorlieti  liy  phagocytosis  on  tb« 
nrt  of  the  newly  formed  tissue  elements,  the  leukocytes, 
rnd  the  connective-tissue  cells. 
The  inflammatoiy  exudate  whieh  is  formed  (hiring 
'regenerative  priH'esses  is  never  purely  fibrinou.s  however, 
for  it  always  eontnins  a  variable  number  of  exudative 
cells. 

The  term  exwialive  cell*  is  applied  particularly  to  leuko- 
cytes— i.e.,  those  colorless  blooJ-eorpuselis*  which  are 
usually  supplied  with  several — two,  three,  or  ibnr — nuclei, 
freijuently  connceteii  by  fibrillar)-  bridges  or  so-ejilled 
ftagmeuletl  nuclei — (.c,  horseshoe-shaped,  clover-Wf- 
ehHped,  bisi'uil-shapefl,  or  sausage-shaiwd  miclel  (Plate  \iO, 
Fig.  ]). 

These  cells,  also  known  oillectively  as  pidynnclear 
leukocytes,  are  allowed  to  pass  through  the  iutiict  vessel- 
Wall  by  a  gap  of  the  e<'ment  sul>stanee  lietween  the  cells 
that  form  the  blood-vessel  wall,  iis  has  been  dcscribi-d  in 
connection  with  the  dianedesis  of  red  blood-cells.  The 
escape  of  leukocj'tes,  however,  represents  au  active 
process;  they  are  provided  with  an  ameboid  movement 
of  their  own,  and  njav  assume  a  great  variety  of  forms, 
whereas  the  rer]  blood-cetis,  as  we  have  seen  above,  are 
-simply  forced  through  the  vessel-walls  passively  by  the 
laed   pressure.      During   their   wanderings   through 
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tbe  tliJsue^  leiikijcyte^  ul'teii  iiusutui.'  niusL  bizurre  furr 
The  proUiplasm  ^eiuls  uut  luii^,  straiiclit  processes,  and 
die  nuclei  tblluw  all  the  ext£usioii»  ut  the  ctdl-bmly ;  in 
stained  pn'purHtionii  the  shapes  of  the  leiikiwytes  are  often 
very  useful  ti>  enable  one  to  reot^ize  otlier  cells  whicli 
may  lie  very  iliHicult  to  identify.  Tlie  nuclei  may  send 
out  fibrilliir  pn)wssen  with  enlaiged,  cUib-shapeil  extremi- 
ties, or  nuliatiiig  outrunners,  and  sometimes  even  otirioii'i 
iuterlacing  and  t^jmuiting  figures  (aemniiii^niini-).  i-:iu-iiig 
the  greatest  pos.sible  variety  in  the  linpriiliulniry  i,f  ihe 
nucleus  (Plate  31,  Fig.  2).  A  nneJCiit.ii  i^'iiiVn.  i.f  ihc 
cell  may  be  snared  off  ami  separate,  espcLJally  during  the 
passage  of  the  cell  through  narrow  tissue-clefts  and  s|ia(.i's, 
and  thus  produce  direct  cell-division,  for  tile  resulting 
parts  are  cjigMibli'  'if  itnli'iiindt'nt  life  and  of  snhsequently 
enlarging  by  a->iiiiil:iliii^'  nutritive  material.  As  a  rule, 
however,  the  niiilii|itic:irii>ii  >,{'  leukocytes  in  inflammatory 
or  regenenUive  iiiflauuiiatury  procesises  does  not  take  place 
at  t}ie  seat  of  the  inflammation,  but  in  the  bltH^l,  and  as 
under  niirmal  conditions  the  pn)portion  of  leukm-ytes  to 
red  blood-cells  is  as  1  to  -500,  the  incroasc]  demand  is  fillet! 
witiiin  the  normal  breeding- plains  of  leukocytes — (,c,,  the 
lymiili-follicles.  Tlie  latter  send  out  white  bl(Mxl-corpus- 
ek^  into  the  hlond-strcam  in  greatly  increased  quantities, 
so  that  in  some  tases  a  considenibic  leukocytosis  takes 
place.  The  number  of  leukocytes  that  usually  collect  at 
the  seat  of  inflanmiation  de)]ends  on  the  intensity  of  the 
ohcmotactic  action ;  that  is  to  say,  the  disintegration  of 
body-cells,  and  more  particularly  the  presence  of  chetnic 
snbstanoes,  especially  melalwlic  pnxlucts  of  the  living 
causes  of  inflammation,  have  an  attraction  for  white  blood- 
cells,  the  strength  of  which  is,  broadly  siMeaklng,  propor- 
tionate to  the  intensity  of  the  inflammatory  irritation. 

Inflammation  is  followed  by  the  formatinn  of  new 
tissue ;  or,  rather,  the  two  processes  coincide  both  as  to 
space  and  as  to  time ;  for  the  reparative  process  is  begun 
while  the  phenomena  of  inflammation — (.c,  the  exudative 
and  celhilar  ]in)cesses  which  originate  in  the  vascular  sp- 
pamliis.  are  still  in  fidl  swing.     In  quite  simple  and  n*^ 
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CI ini plicated  cases  the  formation  of  new  tissue  results  ia 
complete  rttiloratiiin  ot'  the  ilestroved  imrt£ ;  cellular 
bu il ill ng-H tunes  jirLtiiMcly  similiir  to  those  tliut  have  been 
destroyctl  arc  i'ornicd — a  regenenitiou  of  the  specific 
oi^jnic  ti.ssuc  takes  place.  But  in  order  that  tliitj  may 
occur,  tlic  fcii-uiation  of  new  celb  mu»t  be  originated  aud 
kcpi  up  liv  the  correepunding  cells  in  the  surrounding 
tisane  until  the  detect  i6  luade  good.  The  universal  law 
h  that  uew  turmation  Ix^ins  always  and  exdut^ively  in 
tissue  uf  the  bame  kind.  Jt  will  be  seen  later  that  within 
the  gi-oup  of  the  connective  tissues  a  mutual  substitution 
of  one  kind  of  cells  for  another,  or  a  niei^ing  of  one  into 
another,  may  take  place — i.e.,  connective  tisane  may  Iw 
formetl  fiiira  endothelial  c*11p,  and  cartilage  or  Ume  from 
ooniiective-tisaue  eells;  hut  connective  tissue,  for  example, 
is  never  cu|uiblu  of  producing  epithelial  li.si^ue,  or  vice 
versfl.  In  this  si-usi-  the  law  Krst  formulated  by  Bard, 
"  (Mimix  cellula  c  cellulu  tjiustian  r/enerU,"  is  universally 
applicable. 

In  many  cases  the  proliferative  facnlty  of  all  the  tissues 
of  the  entire  organ  is  inadequate  to  the  task  of  making 
good  the  defect ;  but  even  in  that  co.se  tlie  gup  in  the 
tissue  is  bri<lg«l  over,  the  cellular  malarial  for  the  purpu'w 
being  supplied  by  the  supporting  structure  o(  the  com?- 
sponding  tissue.  A  proliteratiou  of  embryonal  connci'tive 
tissue  takefl  ]tlaee,  which  is  frequently  desig'iiateti  an  in-  ' 
flaramator)'  neiv  formation,  l>ccanse  tissue  in  every  respect 
identicul  verj-  frequently  makes  its  appoaranee  immedi- 
ately after  inflammations.  Usually  the  newly  formed 
tissue  is  called  ffnnnihiioTt-ti»tnie,  because  the  so-ctillcd 
plugs  t  if  fle.-ih,  or  warts,  or  granulations,  wliieli  firm  on 
the  fliKir  of  wounds  also  consist  in  the  main  of  embryonal 
coo ueutive-t issue  cells  and  blood-vessels,  an'l  this  name 
has  aficordlngly  been  applied  to  every  other  kind  of  new 
formation  in  which  similar  material  is  utilizeil,  not  only 
for  the  closure  of  wounds  and  the  filllng-iu  of  defects, 
but  also  to  replace  useless  tissue  or  i«irta  of  tis»<He. 

It  is  thus  seen  that  there  is  no  fundamental  ditfcrence   ' 
between  simple,  direct  regeneration  and  so-callctl  tnflam- 


^                      REPAltATn-E  PROCESSES.                        ^^H 

^H  PLATE  I^H 
^H          The  Healing  of  WonndB.-l.ici^'d  wound  in  tlx'  tongue  oT^^I 

^H  rubbit  t'uur  ilav«  old  («liiii>i-<l  will)  Il<.-ii]<.>iilmiiriiruii— liumat.-curi^^H 
^H  X  ^m.r.  1,  N>wly  f.>L'.nii.g  t|.ii.l.iiliuMi;  y,  mi^^U  ii>  Llio  nucldnt^H 
^^1       epiLhuliul  ctlU;   1",  direct  divii^ioM  »f  nudoi   ii>  i^piibi'luJ  L<t;U«;.|^^| 

^^H  lump  uf  Ubrin  in  newly  foi'iuml  grajiulHUoii-tli«u« ;  M,  emtrytnial  eM^^^| 
^^M  nwtive-tUHue  celk  (BbniMtu'te) ;  »',  iiiiUitic  tlii:urus  iii  abn>b1«stR;  Vl^^M 
^^m       uiitolic  Sguna  iii  tuj'MiiiK-lrid  H^'tir.iiK ;  i,  |t<ukcK.'.vt(s ;  4',  loukiw^N^H 

^H  «!',  mit^b  ill  end.>tbL'liHl  ^■^■]h-,  li",  vHM-uUr  n>"<'it'  filM  wt^^H 
^^m  eryibrocytiv ;  7,  remu!n>  >rf  trnntvpraoiv  striMtna  miuvlp  UbmM;  ?^^H 
^^M       necmtic  MK-Ci.m  of  wufvh ;  H,  iHicI^^'iii  aHp..«iUd  on  Uih  unlet  «iirtiUJ|^^| 

^^1  roatnry  rc'gciiorntion,  etiicp  tin-  Intlcr  iilsii  coitsists  in  th^^| 
^H  furitrntiiiii  i.r  iK-w  tissiir,  wlii.'l..  Ii-.wvit.  is  nlwnyt;  uf  tlrf^H 
^H  same  kind,  inimoly,  viihrnlar  t'lHinrclivi'  lls'-ur.  ^^H 
^H  After  tluw  gfiiVral  i-friiarK->  stluMtt  rtufiicnitiori  iind  tll^^f 
^H  Dew  fnrniatiuii  of  \hv  iiKlivi<liiii1  UIikIs  nf  ti.'tMk',  let  ttJ^H 
^H  turn,  first,  !■<  tlic  (jiKi-iioii  i>f  regeneration  of  coi^^H 
^H  nective  tissue,  Ixfiiirsc  it  i^  l>y  fur  the  moist  fi-(>qiiei^^H 
^H  in  llic  IhkIv.  It  tiikcb  plnoc  not  imly  tis  n  rrg?ni'rati«(^^| 
^H  pniliffnition  Ici  rcplnoc  cdiiniTtlvt'  ti^iic  lliat  bas  (>«ll^^| 
^H  (I(«mn-(Hl,  but,  a."  tiHS  liecn  puici,  il  rcjilim's  deltas  i^^| 
^H  dssura  imd  mpins  \v\w\i  <l(i  not  possc.'^  tlic  Acuity  ^^H 
^^1  reproducing  tlioir  own  ^pwific  nlluliif  cli'menls ;  it  "MSB^^H 
^^B  also  as  n  si'condsry  process  iif^cr  m  unniK'r  of  influniinsto|^^| 
^^1  conditions  on  tlio  surfacp  til'  scmiiH  mfmlirnncv',  ^*^ J^^H 
^^H  stance,  iind  in  tlic  interior  of  iir^iiiiH ;  iin»IIy,  it  fntfrx  Ntf^^^| 
^H  all  the  pmn-sseH  of  or};nnizntiiin,  in  whicli' tii^ne  thxt  i^^^H 
^^B  in  giimi-  wny  lieeonio  niielras  or  deritmycd  is  n^Uc^^^^l 
^^1  Tills  proees.i  of  iirjriniziition  we  have  mn^h  repeatedly  9^^H 
^^M  connei-lion  wiili  4lii.-  nietainoi'iilicisiK  of  tlironioi  and  i<|^^H 
^^1  farcts,  tlic  "  lieuliii^"  of  liciniitomiita  and  alisceaBee,  &ii^^^^| 
^^p        in  sliiirt,  wliciu'ver  ii  iK'Coines  ntvessary  to  fill  a  gap  in  i^^^| 

^H  The  first  chnnges  observed  in  proliferating  L'onnect&^^^H 
^P  tissue  ptmsii^  in  an  enlnri^cmrnt  nf  the  individunl  (^^^^| 
^           Hnd  their  nnelfi.     In  place  of  the  imall,  narrow  spindl^^H 
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oells  alnidnil    c!om])lt!tc1r   tilled   with   the   dark    niiclt'iis, 
lai^r,  slmrtcr,  ;iiul    tlikkcr   forms,  or  sometimes  iwly- 


h«rrMi 
nucli 


I 
I 

\ 


\fA'w^  with  large,  pale,  vesicular 
UUil  rtiih  several  prowsses,  make  iheir 
appt^araiK*;  tlJi:  imclii  ii.sually  contain  several  nucleoli 
ami  a  (teli(!ate  t'muiewm'k  nf  chromatin;  sometimes  these 
oells  contain  mitntio  figures;  sometimes  two  or  three 
nnolei  can  bo  demonstratwl  in  the  cpll-body  (Plate  30, 
Fig.  4 ;  Plate  25,  3).  Thewe  proliferating  embryoDal 
atnncetivc-tiHsiie  cells,  wliieh  represent  a  stage  that  is 
observable  in  the  fetal  ni^nism,  are  oulletl,  after  Neu- 
mann and  Zi^ler.^^iofc/mtfa. 

The  fibrous  intereellulur  substanee  progressively  disaj^- 
|)ears  as  the  cellular  proliferation  continues.  The  oeHs 
often  overlie  one  auotliirr  and  may  exhibit  tlie  su-ealled 
"epithelioid"  arrangement — that  is  to  siy,  they  may 
overlap  one  another  like  intJ?gHmenlary  oells;  but  the 
oomparisiin  applies  solely  to  the  arraiigi'ment,  and  not  to 
tile  mi>rp!i"losiy,  <>\'  tlie  ivll.  [f  the  puriMisr  of  prolifera- 
tion is  soli'ly  to  liridi^o  ovit  or  close  u  <lefect  in  the  con- 
nective ti-siie,  llie  i-i'lis,  sii  soon  as  the  defect  bus  been 
made  good,  again  throw  out  a  fibrous  stroma  anil  gradually 
undergo  a  retrogression  to  the  well-known  fixed  connec- 
tivc-tissne  corpuscles,  the  proces-ses  of  the  fibroblasts 
breal<ing  up  into  minuti?  fibrils  at  first  prewnting  a  bnwh- 
likc  arrangement,  the  ivH-IxmHcs  also  breaking  np  into 
bundles  of  fibrils  arnmged  longitudinally  in  regular, 
parallel  rows.  The  fillers  jin-,  therefon-.  derived  from  the 
nroloplimmii'  hitdies  and  their  pnH'nwses,  and  not  from  the 
iiiti'iv'cllidar  Milistanee,  slnw  the  latter  disiippcars  entirely 
during  (hi-  prnlifenitive  processes  and  during  the  produc- 
tion of  tin.'  prnloplasmie  fibmblafits.  Ullinmlely  the  cells, 
owing  X>i  the  continued  bn-aking-np  of  their  bodies  Into 
fibrils,  Ifise  the  gnflter  ]iart  of  their  protoplasm  and  finally 
return  to  the  stage  in  which  they  represent  small,  narrow 
cells  with  dark,  spindhv-shaiied  nuclei  snrniuniled  on  all 
sides  by  fibrils. 

Embryonal  connective-tissue  cells  possess  the  fiieultv  of 
Jndependent    kuKimoliun   or  ameUiid    movement. 


1 
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Thus  tliL'V  are  iibit;,  \iy  maxus  of  globe-shaptd  or  poiata 
pseudojKuls,  to  move  ulmiit  in  tbe  luehhes  of  gbria 
iiftworks,  in  minute  <-«vitiu8  of  porous  foreign  bodies,  < 
for  t'Xiuuple,  ill  the  nicHhes  uf  c-ornesil  tissue  that  has  b 
dtstroyetl  by  a  eaiistic.     The  fornts  produced  in  this  v 
are  often  very  biaim'  and  nmsl  not  be  tonfbundcd  wit 
leukocytes,  which  also  {xissess  the  faculty  of  iudependei. 
active  niovpjiient;  they  are  distingniahed  from  the  latta 
by  their   gratter  size  and   the  vesicular   natnre  of  I' 
nucleus,   instead  of  tbe    dai'k,  lubulated,  or    fragments 
nucleus  of  leukocytes  (I'late  'M,  Fig.  1). 

Certain  other  kinds  of  wlls,  however,  which  in  their 
development  closely  resemble  the  fixed  cells  of  adult  con- 
nective tissue,  may  play  an  important  part  in  the  forma- 
tion of  new  connective  tissue.  The  proliferation  of  fibro- 
blasts is  not  accomplisheil  exclusively  by  derivatives  of 
former  con iieotive- tissue  tiells ;  often  eudutlielial  cells  also 


take   part   in   tbe   process.      The   i 


qiiot^  a  bo  VI 


"  Omnut  eflbihi  c  mluht  ejundem  gfnm-ia"  is,  therefore 
subjc<l  to  the  limitation  tliat  derivatives  of  the  mea 
chyma  which   have  undei^ne   great  differentiation  i      _ 
become  endothelial  cells  of  blood-vessels  return  to  their 
anginal  indifferent  stage  and  may  take  part  in  the  forma- 
tion  of  an   nudiffereiuiatetl  ((Kinne^-tive-tissue)  germinal 
tissue.     In  lai^  collection  of  fibroblasts  originating  \m 
vascular  connective  tissue  the  endtithelial  sprouts  are,  \ 
fijct,  so  intimately  mingled  with  the  newly  formed  «iy 
desceiideil  from  connective-tissue  cells  that  it  is  practicalln 
imposrtible  to  distinguish  the  two  kinds  of  elements  (PliU 
25,  3  and  6).      Both   contain  an  abmidance  of  milotii 
figures,  and  so  long  as  tlie   inva<liiig  endothelial  spnnitj 
have  not  formed  cavities  filled  with  red  blood-cells,  they 
are  absolutely  undistingnishuble  from  the  spindle-shaped 
fibroblasts,  whicli  are  also  arranginl  in  long,  orderly  rows. 
A  similar  part  to  that  of  the  endothelial  cells  of  blood-  ^ 
vessels  is  taken  by  the  endothelial  cells  of  lymph-veBsel* 
and  lymph-clefts  in  the  connective  tissue. 

It  is  a  ranch-disputed  question  whether  leukocytes  A^ 
livn)  from  the  blood  are  capable  of  taking  an  active  paitl 
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in  tlic  rurmalion  of  tiKStie,  whether  they  can  pnxhioi' 
blasts,  and  later  be  converte<l  intu  ciinneflivu-iisMn 
The  question  waji  iormerlj'  answered  in  tlir  :L(Iinii:Lti\  (■  Ijy 
a  number  of  uivvstigators  (Cuhnheim,  MetcliinkMl!'),  rtml  , 
it  was  assnnied  that  the  colorless  blood-LclLs  jjus^ess  the  J 
fiiculty  of  clianging  to  fixe<l  eonnective-tinsne  cells  andj.  t 
therefore,  of  taking  part  in  the  .building  up  of  jieminnent  I 
tissue.      But  more  recent  inveBtigationn  with  improved 
methods  have  failed  to  give  any  support  to  the  llieory 
that  such  a  conversion  can  take  place  (Marcband).     The 
cellular  elements  from  the  blood  are  never  capable  of 
forming  tissue  in  the  Ixniy  ;  they  are  incapable  of  formine 
intercellular  ttultstaiM-e  or  furnishing  material  for  the  buil(> 
ing  up  of  tissue.      Even  the  eosinophil  cells,  wiiicb  were 
by  some  supn>»ed  to  possess  a  sjiecial  faciitly  of  producing 
connective  tissue  {Arnold,  Marwedel),  do  not  in  reality 
pwaeas  that  power  (Enderlen).     It  follows,  therefore,  that  | 
connective  tisane  van  be  formed  only  from  connective-  ' 
tissue  cells  and  from   the  genetically  n'lated  endothelial    ' 
cells  of  the  vascular  and  lymphatic  systems.     That  the 
latter  take  jMirt  in  the  production  of  connective  tissue  ia 
beyond  air  doubt.      Thus  we  have  already  seen   in  the_ 
ofganizalion  of  thrombi,  for  example,  what  an  importanU 
part  the  endothelium  may  play  in  theee  processes. 

The  cells  which  take  jwirt  in  the  proliferation  of  con^ 
nective  tissue  jtosscss,  in  addition  to  llieir  faculty  of  inde-1 
pendent  movement,  that  of  taking  up  corpuscular  elementa  i 
of  every   dewcription.      As   they    were  credited    with   a  | 
destructive  and  digestive  power  over  all  oi^nic  particles,  j 
they  were  called  "phagoryleni "  (Metcbnikoff),  and  as  they  1 
dinered  from  the  equally  phagocytic  leukocytes  by  their  J 
greater  size,  Metchnikoff,  the  discoverer  of  phagocytosis,  ( 
lulled    these    elements,   whose   descent   from   connective  J 
tissue  he,  however,  denied,  " macrophages"  in  contradis-  ] 
tinction  to  the  leukocytes,  which   he  designated  "micro-  ' 
phnges."    Von  Recklinghau,sen  selected  the  more  non- 
committal    term    " cimtradile    cdh"    Xu    deaignute    cells 
possessing  the  faculty  of  taking  up  foreign  bodies  into 
their  protoplasm  ;  for  it  must  be  as,-unifd  that  both  inde- 
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I  potKk'iit   movement  ami  tho  sibility  to  take   up  fi.ipfi):ii  J 

'  Dodieii  depend  on  tlie  contractile  faculty  of  the  prutuplusni. 
By  virtne  of  thU  faculty  these  cells  play  nil  imjwrtant  1 

'  part  in  all  pntcesscs  that  accompany  molecnlar  ticsue  dla-  j 
mtegmtioii,  and  in  which  tlic  n'.snltinjr  particles  cannot  be  I 
BHsiniilatcd  directly  hy  tho  cell-lxKlicrt.  Foreign  ImmIii^  | 
of  ever)- description,  botii  kucIi  as  cnler  the  organiani  from  ] 
without  and  snch  as  arc  formed  hy  deail  c^'lU  or  parU  of  I 

.  cells,  may  be  taken  up  liy  tlie  phaffocyti's.  If,  tor  ex- 
ample, a  mixture  containing  foreign  biKlieM  in  suspension  1 
(atarch-granules  or  lycop<xliiini  spores)  ia  injwted  into  the 
{tcritoneal  Pavity  of  a  guinea-pig,  the  con  neetive-t  issue 
cells  of  the  iKTitoneum,  eHpwMally  of  the  omentum,  very 
soon  begin  to  exhibit  an  cxtraordiniirily  acuvc  ccll-pro- 

iliferation,  the  advetititiul  clemcnt.-<  of  the  Mnall  bluod- 
vcsscla  parliciilHrly  undcr^rning  active  multtpticution  and  ■ 
forming  lai^  ii'IIh  very  ricli  in  protoplasm  which  attaob  i 
themselves  closely  to  the  surface  of  the  foreign  bodies.  J 
Thus,  for  example,  the  lycopoilium  spores  (Plate  34,  Fig.  IJ  j 
are  covered  with  numerous  crescentic  and  sickle-shapea  I 
cells,  which  at  last  completely  surround  the  foreign  body.  I 
Quite  frequenlly  the  »pows  are  found  siirrounded  by  I 
protoplaimie  masses  omtnining  several  nuclei,  and  thus  | 
demonstrating  themselves  as  giant-ccUs.  J 

Tiie  formation  of  giaiit-eells  or  piAykaryoc-^ien  may  J 
,  attend  any  new  formation  of  tissue,  but  is  found  more  1 
particularly  in  the  presenee  of  foreign  Ixidies  that  bavel 
entered  the  organism  from  without.  There  arc  two  ways  I 
in  which  it  may  be  conceived  tiiat  giant-cells  form,  and,  ] 
as  a  matter  of  fact,  their  mode  of  origin  docs  appear  to  i 
he  dual ;  for  giant-ceils  may  be  formeil  by  repeated  j 
divif^ion  of  nuclei  within  the  same  cell,  in  which  case  the  I 
term  "  pn>lifer!ition  gianl>-celi  "  is  us(>d,  or  the  giant-oells  J 
may  In-  furmeil  hy  the  confluence  and  union  of  several 
preexisting  cell* — so-called  "conglntination  giant-colls."! 
It  is  needless  to  say  that  the  fully  formed  giant-cell  does  I 
not  always  show  its  nifMle  of  formation ;  when,  however,  j 
the  ceJi-body  i-onlains  the  remains  of  oell-wnlla,  it  is  a  1 
•  ngn  that  the  giant-**-!!  has  lK?eii  fomic<l  by  the  union  of  ' 
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several  cells.  [Indications  of  dislinct  walb  might 
inlprpretcd  as  evidence  of  KuIxliviHion  of  the  giaut-oeJl  into 
mononuclear  or  hhihII  cells. — Eit.J  The  bodies  of  these 
structures  may  in  this  way  attain  a  very  great  mIjw;  they 
arc  either  qiiit<>  homogeneous  in  appearance  or  present 
numerous  minute  vacuoles.  The  nuclei  may  be  lai^, 
vesicular,  provided  with  a  delicate  framework  of  chroma- 
tin, and  oucn  present  a  distinct  polar  or  bipolar  arrange- 
ment; they  are  usually  massed  m  greg^ter  abundance  o a 
the  side  opposite  the  incorporated  fonigii  lx«Iiefi  (Plate 
30,  Fig.  5).  It  is  nithcr  remarkable  that  mitoses  are 
observed  in  the  nuclei  otdy  iu  exc-eptioiial  utses,  and  it 
must  be  assumed,  therefore,  tliat  direct  division  of  the 
nuclei  may  take  place  iu  these  structures  ah 

In  addition  to  all  these  more  or  less  |K)lylicdnil  cells  and 
giant-cells  with  oval,  vesictdur  nuclei,  every  grunulatlrai 
tissue,  every  formation  of  new  connective  tissue,  contains', 
a  mass  of  variously  sizetl,  circular  colls.  The  protopl 
of  these  cells  is  usually  distinctly  granular,  and  is  sometimes 
loaded  with  eosinophile  granules  or  with  granules  that 
take  a  dark  stain  with  the  alkaline  anilin  dyes  (methvlene- 
blue).  The  nuclei  an'  dark,  circular,  and  often  multiple; 
the  chromatin-net  and  the  framework  iN^ntain  large,  shape- 
less granules  of  chromatin.  These  cellular  elements  are 
usually  called  j^mjim-vUH  (WiUileyer)  (Plate  30,  Fig.  2), 
and  are  held  to  include  also  the  small  mononuclear 
elements  with  a  narrow,  scarcely  perceptible  border  of 
protoplasm,  which  are  usually  regarded  as  lymphocytes. 
Kanvier  was  the  first  to  describe  in  the  connective  tissue 
iif  amphibious  animals  and  mammals  cells  which,  cm 
account  of  their  feculty  of  dividing  both  nucleus  and 
cell-lxHly  by  constriction,  he  called  "  klamiuilocytea,** 
These  structures  are  pmbably  identical  with  the  mas^ 
cells  first  found  l»y  Ehrlich  in  connective  tissue,  and  di»- 
tingut.'^hed  by  the  numerous  granules  imbedded  in  their 
protoplasm  (E.  Neumann).  The  plasma  cells  and  lym- 
pliocytes  are  ii.'iunlly  arnuiged  in  groups,  often  distinctly 

ivnscular,  and,  laketi  altogether,  they  represent  what  is 
"  xiiutl/i:'-//  inJUli-alion."      The  origin   of   this 


I 
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I   ccliiiliir  niiitcriiil  is  not  ik-fiiiifely  known,  and  (^rcat  iliffcr- 
I  ciices  (if  ugtinion  exist  as  to  whi'ther  it  is  (ierivt-d  in  tlie 
I  last  insUincti  from   llic   blood-ciirreiit,  ejcapiiig  fntm  tlie 
I  vessels  by  emigration,  or  wlietlicr  it  is  descendwl  from  the  J 
I  fibroblast:! — that  iis  to  say,  originally  from  tlie  connective-  1 
I  tissue  eells.     It  would  appear  that  a  part,  at  least,  of  the 
I  small  mund-cells  are  derived  from  the  blocxl  and  escape  I 
1  from  the  vesBcIa  by  active  emigration  ;  for  their  perivas-  i 
I  cular  arrangement  »  oficn  verj'  ri'markable,  and  they  are 
I  often  found  in  the  walls  of  the  smaller  blood-vessels.     It  | 
^  is  quite  |KMsible  that  a  secondary  division  and  multiplica- 
tion by  mitosis  may  take  place ;  the  division  of  the  nuclei 
in  the  polynuolear  forms  is  usually  direct.     There  is  no 
doubt  that  the  email    lymphLxrytes  may,  by  swelling  of 
their  protoplasmic   btidies,  be  converted   into  the  laiger  J 
forms — llie  plasma-cells.     For  a  long  time  it  wa&  believed  j 
that  at  leiist  a  jiart  of  these  cells  are  directly  derived  from  I 
the  conncotive  tissue  (Unna).     Ribbert  believes  that  this  1 
email-cell  infiltration  is  to  be  attributed  chiefly  to  the  foci  1 
'  of  lymphocytes  which  are  normally  present  iu  llie  corre-  ] 
'  sponding  situations,  and  to  a  swelling  of  their  elements. 
f  In  the  light  of  the  more  recent  investigations  by  Mar-  j 
I'chand  an  explanation  of  the  small-cell  inliltration,  which  I 
1  important  for  the  understanding  of  the  proliferative  I 
I  processes   in  connective   tissue,  may  be  afforded   by  the  I 
I  assumption  that  "  the  blood-vessels  are  regularly  acer 
I  panieu  by  a  number  of  cells  which  possess  the  faculty  of  I 
producing  elements  of  the  nature  of  lymphocytes  ana  the  I 
r  large  mononuclear  leukocytes,  and  that  it  is  possible  that  | 
,  these  cells  enter  the  blood-current  and  in  that  way  really  | 
form  leukocytes.     The  conversion  into  ordinary  muttlna- 
clear   cells,  the   formation  of  granules  in    the  cells,  the  | 
changes  in  the  shaijc  of  the  nucleus,  are  secondary  proc-  | 
esses  winch  lake  place  {uirtly  within   the   hlood-curreot  n 
and  partly,  it  may  l>e,  in  certain  organs — for  instance,  the  ' 
bone  marrow."     Alarcbiind  applies  the  term  "  leuhociftoul 
celts"  to  all  the  elements  formed  in  this  way  outside  of 
the  vessels,  and  accordingly  includes  among  them  "  both 
the  small  lymphoid  cells  of  araall-ccU  infiltration  and  the 
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varioiiH  nidlilinilioiiH  of  {ilaHnm-eolls,  llio  iiuist-cclls,  aiid^ 
llie  liirge  phagncyU-w  iif  iho  seiims  «iviues."  I 

"  Maat-cflU"  is  the  UTni  apuliwl  to  tin?  clcnieiits  mm 
frequently  obHorvcd  in  embryunul  umnectlvt)  tlssut,  wlinse 
body  pmtopla»ra  is  Otnisclv  cuvori^d  with  spheric  gniiiiik'S 
which  stain  deeply  with  alkaline  anilin  dyes ;  tliese  gran- 
ules arc  u-sually  of  the  Hame  nlzv  in  tiic  i«:ime  ueli,  but 
their  size  varies  gresilly  in  iliflennit  cells.  The  best  stuiil 
to  bring  them  out  is  gentian-violet. 

Lately,  Miiximow  pniposwl  the  ttnn  " iiolybliwlx"  la 
include  all  llnjse  wlls  which  appear  in  new  turniuUon  itt' 
eitnneetive  tissue  and  which  are  neither  leukocytes  imr 
fibroblasts.  According  to  this  author's  simplitication  of 
the  nomenclature  this  term  includes  ci^lls  which  have  IkjI'II 
described  by  different  observers  under  a  variety  of  differ- 
eot  DameSj  as:  monouu<rl«ir  leukocytes,  lyniphocyt«8, 
wandering  cells  of  connective  tissue,  hist4>genii!  wandering 
colls  (including  eusinnphile  eelU),  plasma-i^ells  HValdeycr, 
UunaJ,  klasinatocytes  Hlanvicr),  granulated  cells  or  roast- 
cells  (Ehrlich),  and  leuKrxiytoid  cells  (Marchand). 

Id  the  last  instance,  then,  all  these  "polyblasis"  are 
colorless  blood-cells  derived  from  the  bl<MKl-current,  and 
they  are  resjmusible  for  the  so-callel  "  mnall-cell  infiltm- 
tioii."  Unlike  the  multinuclear  leukocyte's,  however, 
they  do  not  disappear  fmm  the  inflauimalory  foci  wli 
they  have  once  made  their  appeantuce  ;  but  afU>r  a  fibrillar 
coDDective  tissue  has  been  pnxluced  by  the  fibroblasts,  they 
remain  amou^  the  bundles  of  nillagenons  intenvllular 
substance  an»l  form  so  intimate  a  ]iart  of  the  scar-tissue 
that  at  last  they  cannot  he  distinguished  fmm  the  true 
coiinectivp-tirisue  cells.  They  themselves  never  produee 
trne  ennnective  tissue.  Some  of  them  take  up  a  pusiliii 
on  the  outside  of  the  endothelial  tubes,  represonling  tli 
young  Wood- vessel iJ,  and  are  converted  into  granular 
adventitial  cells  (klasmat(X'ytes).  These  iKilyblasts  also 
furnish  a  large  portion  of  the  giant-cells  that  make  their 
appearance  chiefly  after  the  intniduction  of  f<)reign 
boaiea. 

The  regeneration   of  Jaity   Haave — that  is,   conaeoU^ 
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PLATE  26  . 


LapBrotomj' Wound,  Two  Weeks  Old  (■ 


a):  1,  Bptdar 
ttt  th«  tdgm !  S,  I 

brjiiiml.  lu'wiv  ronriHl  oiiiiinictivt  Ussui'  liL'iwciiii  ihe  odgoa  [  4,  t 
f-)riiii'J  IiIhikJ-vi'S'^H"  ;  u,  n'u^'tiHrHliii);  Bweat-);luml«  ;  6,  odipow  tioH 

7,  aliriii  HiuLHij"  lliL-  clfpper  luvura  of  tlie  tulji-uUiicuus  iidipose  t 

PLATE    26  b. 

Laparotomy  Wound,  Two  Weeks  Old,  Showing  the  0 
of  Plate  j6  a  I  <  1*2^.)  -  '.  ^■•^  iMimectivc  tissue  of  the  u 
vtlgvi ;  'i,  I'lulirvunal,  nuwly  fnniied  (;>inni.>cUvu  ti^ue  with  flbtvltlM 

8,  nuwly  furiiiwl  lilucd-veucU ;  4,  nowljr  tnrmed  I'lW  upidemiit. 


tissue  nuKlitieil  by  the  inlillnUiuii  of  its  cpUh  with  fill — i^ 
utU>ndi'<l  by  ttic  appearanw  oC  liirgf,  round  «r  |x>lyliwiral 
munonui-leuriirul  inultiimck'urrcils  (filimblaste)  witlun  the 
mcmbrant^  winch  surrounil  the  ori^ituil  fnt-wlls;  these 
celU  are  formed  by  continumis  division  from  the  former 
fat-c«lls  or  their  nucleated  jii-otoplasraic  remainH,  and 
oft<!n  present  an  epilhelial  arrangement  in  places  wh) 
the  fat  liaH  di!*api>eared. 

The  new  formation  of  elastic  fibers  is  a  eomimrativt 
slow  process.  In  wounds  of  tlie  skin  involving  the 
corium  or  snbentaneous  tissue  r(^'neratinn  of  the  elastic 
elements  does  not  begin  until  four  or  five  weeks  later,  and 
the  new  elements  are  always  formed  from  old  cWtic 
fibers,  never  by  the  conversion  of  connective-tissue  fibers. 
They  grow  at  the  border-line  of  the  snr^-iving  bundles  of 
fibers  in  the  form  of  delicate,  interlacing  twigs,  not,  as  a 
nile,  from  the  ends  of  the  old  fragments,  but  from  their 
sides,  with  which  they  form  acute  angles  (Endcrlen), 
Gnidnally  they  grow  toward  one  another  from  Ixilli  sides 
and  unite  to  form  a  delicate  network.  But  afier  months 
or  years  a  very  penieptiblc  dift'erenw  iu  tlic  thickness  of 
elastic  fil>ers  may  Ix'  observed  iu  ohl  cicatrices  nf  the  skin. 

Hand-in-haud  with  the  formation  of  new  connective 
tissue  there  is  a  production  of  bloo<l- vessels  which  gmw 
into  the  newly  formed  cellular  material  and  form  a  o<m- 
siderable  jHiriion  of  the  granulation  tissue. 

At  first  they  a]ipcar  at  the  side  of  the  old  survivinj 


luid 


1 


BEAUNG  OF  WOUNDS  AND  ORGANIZATION.  145  \ 

oaptUaries  in  the  form  uf  minute,  [xiinted  buds  consisting 
of  8pin(lle-ce]la  willi  a  fuirly  large  amount  of  protu)t1asm 
aod  preseniing  the  greatest  resemljlance  to  fibrL>blast8. 
The  more  recent  invesligatioiig,  however,  force  us  to  be- 
lieve that  these  buiis  ure  to  be  regarded  ai*  true  euilolhc- 
lial  cells  whicli  liave  grown  solely  i'rom  ])reexisting  eiidtt- 
theliiitn  and  continue  tu  grow  by  mitotic  division  of  their 
elements  (Plate  2-5,  6).  It  has  never  l)een  dennmBtrated 
that  fibroblasts,  the  (lerivatives  of  fiswl  coiin«?tivc-tissue 
cells,  are  ever  converted  Into  endothelium  ;  ultliongh,  con- 
versely, endothelial  cells,  iia  mentioned,  unquestionably 
are  converted  in  some  cases  into  connective-tissue  cells. 

The  endothelial  buds  at  first  rejiresent  solid  cords  of 
ctl Is  projecting  into  the  newlv  formed  tissue;  canalization 
and  furtlier  change  are  secondtirj'  processes  tliat  are  effected 
later  by  the  pressure  of  the  hloofl  from  the  old  vessela 
pressing  the  cells  iipart  and  converting  the  compact  mass 
into  tubular  cylinders.  The  individual  buds  grow  toward 
one  another  and  form  connections  wnth  one  another,  and 
tlius  a  rumifytng  vascular  network  la  ultimately  produced 
in  the  embryonal  counectivc  tissue.  The  vascular  bnda 
are  usually  aeeompanie^l  in  their  growth  by  fibroblasts 
(and  plasma-cells)  nrranged  in  regular  rows  along  their 
outer  side;  the  plasma  cells  adapt  themselves  closely  to 
the  endothelial  cells  and  are  later  converted  into  the 
adventitial  elements.  The  development  of  blood-vessela 
takes  place  simultaneously  at  many  points,  and  at  an  early 
Btsge  tne  newly  formed  tissue  becomes  extremely  vascular ; 
but  it  represents  only  a  temiHtrary  condition.  With  the 
development  of  collagenous  substance — i.e.,  fibers — from 
the  fibroblasts,  the  thin-walled,  vascular  endothelial  tubes 
gradually  disappear.  They  are  compressed,  their  sides 
adhere  and  obliterate  the  lumen,  until  finally  the  endothe- 
lial cells  are  converteil  into  fibrous  connective  tissue,  while 
only  the  lai^er  vascular  trunks  with  thicker  and  already 
dlnerentiatcnl  walls  persist  in  the  fully  fonned  sciir  tissue. 

To  sum  up  once  more,  after  this  explanation,  in  the  new 
inrmation  of  connective  tissue,  as  it  ap|>ears,  for  examph 
wound  of  the  skin  or  of  the  mucous  mi 
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(tongue),  we  obtiiTve  in  succession  tlic  followiug 
(Plate  25);  At  first  a  eirv  urn  scribed  necrosis 
tissue,  due  to  llie  truuruii,  ujtneurs  on  the  woiiud-edgcs 
by  the  extravasation  of  b)ooa  and  plasma  the  defect  or 
gaping  of  tile  wouud-edges  is  tilled  up  and  bridged  ovi 
by  fibrin,  which  at  first  is  delicate  and   later   becoi 
coarser  in  structure.      At  the   same   time  there  api 
usually  within  the  meshes  of  this  librin  numemiis  pot^ 
nuclear  leukocytes  which  have  escaped  byemigniliua  fi-oin 
the  greatly  distended  blood-veseels  around  the  uiur^in  nl' 
the  wound,  where  globular  stasis  or  Btagiiation  of  tlu-  r»*il 
blood-cells  and  peripheral  disposition  of  the  Icukijcytos 
may  usually  be  demonstrated.     Gradually  new  cellular 
elementjj  make  their  appearance  and  grow  into  the  fibrin, 
which  they  fill  completely  and  for  the  most  part  consume 
as  they  continue  to  grow.    These  cells  are  spindle-ehi 
stellate,  or  polvhedral,  endowed  with  independent  mo' 
ment,  have  a  ^air  amount  of  protoplasm,  and  are  deri 
by  mitosis  from  the  old  connective-tissue  cells  (fibrobli 
Some  of  this  celltdar  material  must  also  l>e  regarded 
forme<l  from  the  endothelial  cells  of  tlie  old  lisriue. 
addition  there  are  found  in  variable  numbers  so-<sill 
plasma-cells — that  is,  large  and  small   circular  elements 
which  probably  grow  chieflv  from  the  adventitial  cells  at 
the  edge  of  the  wound,  and  which,  either  as  small,  mnnv 
nuclear  leukocytes  or  larger  plasma-cells  with  granuli     '~ 
protoplasm  and  sometimes  with  several  nuclei  (leukoc^ 
cells,  polyblasts),  produce  the  so-callefl  sniall-ccU  infill 
tion  of  tlie  granulation   tituue.      The  evolution  of  t] 
cellular  material  is  accompanied  by  the  sprontiiin  of  em 
thelial  cords  which  can  be  formed  only  fnini  cells  of  tl 
own  kind  and  are  later  hollowed  out  by  the  inflow 

The  regeneration  of  epithelial  tissue 

quite  complete  in  the  cast'  of  injuries  and  destructioi 
Squamous  epithelium  gradually  iiushes  its  way 
gap  in  the  tissue,  which  is  first  filled  with  fibrin  and  Ii 
with  granulation-tissue.     The  first  reactive   phenomei 
observed  after  an  incised  wound  with  smootn  edges, 
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KexiLniijk',  if-   tlif  death  of  the  cpitlieliiil   cells  witliiu  a 
Kcertuii]  distance  of  the  wound-edgee.     The  celk  lose  their 
Kiiuclei,  coDtract,  and  undergo  desquamation.    Immcdint^ly 
Paflerward,  however,  the   nuclei   in    the  contiguous  cells 
enlai^e  and  the  chromatin  framework  and  nucleus  become 
more  prominent.     This  is  foUuwed  by  active  divisiou  of 
the  nuclei,  both  by  indirect  mitotic  and  by  direct  division. 
.  Mitosis  takes  place  chiefly  in  the  cylindric  basement  layer 
kBod  in  the  deeper  rows  of  tlie  Maljiighian  layer,  not  only 
■  in  the  peripliend  zone  of  the  wound,  but  also  at  some 
I  distance  from  the  wuund-edges.     In  addition  some  nnclcar 
EproliferatioH  by  direirt  division  probably  also  takes  place; 
t'thus,  in  tlie  peripheral  portions  of  a  woinid  of  the  tiingne 
((Plate  26,  1"),  il  is  pow-ible  to  see  very  elearlv  after  four 
I  days,  in  the  enlarged  nuclei  of  the  epithelial  cells,  reiliipli- 
I'GBtion  of  the  nuclear  invagination  of   the  nuclear  wall, 
•  constriction  of  poiliona  of  the  nucleus,  and  finally  com- 
Kplete  division  of  the  imctei  into  two  part?^.     Cells  cuntain- 
'ing  these  directly  divided  nuclei  are  often  found  Jn  close 
roximity  to  oelle  presenting  mitotic  figures,  and,  there- 
re,  are   not   especially  lociilized   and    have   no   special 
relation  to  the  individual  layers  of  ejiitlielium.     The  in- 
tercellular cement-substance  of  the  newly  formed  epithelium 
is  not  infrequenlly  increased  in  breadth,  and  the  ledges  of 
I  protoplasm  in  these  places  nrt^'  then  unusually  long  and  fur 
uiart.     Sometimes  leukocytes  are  seen  to  enter  the  newly 
[brmed   epithelium,   being   distingnishetl    by   their  dark 
alei,  which  contrast  strongly  with  the  lighter  color  of 
B  intercellular  cement  substance. 
L  favorite  object  for  the  study  of  regeneration  of  epi- 
elium  is  the  cornea.     In  a  warm-blivxlcd  animal  super- 
wounds    of    the    membnmce,   involving  only   the 
elium,  are  usually  c«3mpletely  covered  with  epithelium 
'  twenty-four  hours.      If  the  iraumutism  is  deeper, 
in   the   case  of  i>enetPiiting  wounds  of   the  cornea 
jbvolving   the  anterior  elastic  lamina  (Bowman's  mem- 
'  mne),  the  laniellie  of  the  corneal  connective  tissue  and 
e  posterior  elastic  membr;ino  [nr-ccmct's   membrane), 
[sat  first  filled  «:■:     ■    '■  ■■■  -i:    ..f  ( 


rl-pahative  pbocesses. 


PLATE  Z7. 


Fio.  1.— Punciiirtd  Wound  of  tile  Cornea  li 

Two  Weeks  ,  \.  i.:     n      -■  4f 

iiiwuhraiie) ;  •',  >  ■■ i  .   ^ir  ■■,  n. .    ;i--ii,  ,    |,  ,'U'utri<'ifll  tisaur, 

thick,  e»|iwiii!lv  in  ihv  imtoii.n-  I.<.^lilp|l^,  unJ  mi-pgiiig  gnduHllj  v 
the  limcllie  iif  the  cornen  ;  in  the  piisterior  [xirtiorL  1<kj 
Inr,  Hud  uminged  id  mure  rrgular  order ;  5,  iiiiiiieruus  newly  for 
bl(iod-veiii(.'lfl  in  the  scar,  growing  out  from  thu  SL-lKml  fvMvli  «l  J 
curnbHl  border;  6,  epiUiWiiil  |itu^  dipping  in  at  ihcedgD  of  the  4j 
To  the  right  and  alwvc,  rt-iiiaiiis  iif  llii-  folded  Dwcemct'l 

Via.  2.— The  Foregoing  In  Detail  ( x  2m.):  Kjji 
iutiu-'t  corneal  tiwue  contiguous  ui  thu  wound ;  S,  niembrBna  e 
anlerii'f  (Biiwinan's  memlimne)  ]  the  eroa  indiculm  the  paint  m 
the  ppithclial  plug  diju  in   toward  tile  scur;  8,  oomeid  o 
lluuc )   4,   iitwiy   funiiiid  n^ar   li^ue ;   6,   vtisselii  that  hav»  gra 
thruiigh  th«  (»rneii  from  Ihp  HclersI  border;  6,  reK>!"Breled  epithdtam  ' 
over  llie  war,   with  diiitiiii;t   prickli>cell*;   7,  ]cuk(irjtea  among  tlie 
epitbelini  celhi ;  8,  nuclei  of  flbniblnBls ;  9,  aev\y  formed  vessels  in 
the  gmnutatioii-tissue. 

frum  llip  .■K)iieDi]»  liiimor.  This  is  then  bridgpd  over  by 
the  rppitlly  |irnlifDitiling  epitheiiiim,  which  dips  in  nt  the 
margin  nf  l)n'  anterior  elastic  niemlirant',  somewhat  in 
the  shiijK;  of  a.  ping.  Thisdovnward  growth  porsisL-;  after 
the  fibrin  has  been  replaced  by  graiinlation-tlBsiie  and  even 
by  embryonal  fibnms  tissue  and  the  continnity  of  the 
membrane  has  lieen  restnred  (Plate  27,  Figs.  1  and  2). 
Here  also  it  is  common  to  find  midtinuelear  epithelial 
cells,  especially  in  the  iiylindrie  basement  layer,  which  are 
pniljal>ly  produced  chiefly  by  direct  division  ;  for  the  fre- 
oueiK-v  of  mifntio  figures  is  bv  no  means  proportionate  to 
the  ra'pidilv  with  which  the  defect  is  covered  with  newly_ 
fi.rmrd  c]iiilieliiim.  Here  also  isolated  wandering  leab 
cvics  .ire  (blind  in  the  broad  bands  of  cement  sube' 
l>otw,.cnlhe  epithelial  cells. 

Not  iid'recinently  the  gradual  epidermization  of  a  lai_^ 
wound,  especially  when  the  underlying  granulation -tissue 
is  irregular  in  its  growth  and  tends  to  form  unusnalty  tall 
eleyations  and  ctirrespoudingly  deep  depressions  is  a 
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panieil  hv  t]ii;  tiiriiiiitiiiii  nf  (.-jiiiliotml  plugs  wliicli  are 
aometimes  bniiidiwl  unil  exiciid  (k-e|>l)'  ititi)  tlie  tiaBii(>, 
sometimes  bi'Iow  ihc  It'vol  of  the  surrounding  fiiitlomiis. 
Owing  Ut  tlieir  niiiui'miis  raiiiitirutiuns  thuy  appear  in  sec- 
tions tu  eoiislHt  of  Hingio  epitlii'lial  islunds  completely  cut 
ofl*  from  their  surroundings.  But  this  isolation  from  the 
siirronnding  ti^iic  in  imly  apjiarent,  as  a  series  of  sections 
will  tit  once  .slmw  ;  in  every  inslamw  connections  with  the 
miperiicial  ('])il!uHnni  nin  be  demonstrated,  although  they 
may  lu'  rxrii'iliiifily  di'lioalc.  These  formations  are  Lttlled 
iili/fiir,i/  <i<illir/i'il  iii-'i/i/i-riitloii't  ( Fried  la  ndL-r).  They  are 
found  witli  a  .-iiKriid  frequency  at  tlio  edges  of  ulcerations 
(cniral  nltei-^)  or  of  wotnids  producwl  by  cuuteriwition  or 
burns.  SimetimeM  welUlevt-loped,  ooncentritailly  urninpil 
horny  [kixtU  are  found  in  these  atypical  epithelial  pmlileni- 
■■  is;  these  were  formerly  called  cancroid  m-arls,  bcwiuse 
ir  formation  was  re^nled  as  characteristic  of  carcinoma 
the  skin  ;  but  they  noeur  also  In  perfwlly  benign 
lithelial  pmlifeiiitiim^.  wiicnever  a  thick  layer  of  squamous 
epitbeliiLm,  |)o-.-.r.--iii^'  llic  faculty  to  form  keraliiliyaliiic 
granules  and  liiiiT  m  iLiid<T(^i  liomplete  comifiimtion,  i-^ 
i'mprisi)niil   within   ilii'  d.-pihs  of  the   lissne  (Plate  «6. 

*"  :■  1). 

n  addition  to  this  new  formatimi  of  i-pilhetium  iit  tlic 
^  ^  nfthewound — (.e-.liy  the  proliferation  of  the  marpinnl 
epithelial  cells,  a  so-calUti  "  tnnidar  "  epidermisotion  smnc- 
times  takea  place  by  the  growth  in  the  midst  of  the 
granulation -tissue  of  insular  areas  of  epilhelinni  isitn- 
'  itely  cut  off  from  the  mat^inul  epithelium.  Sometimes 
merely  due  t<>  a  secondary  accidental  interrnption  of 
original  cunnet^tion  with  the  marginal  opithilimn ; 
__  in  many  «wes  there  has  never  been  any  coniu'ction, 
and  in  these  cases  the  only  explanation  for  the  process  is 
that  the  epithelial  islands  grow  fnmi  the  remains  of  tlic 
excretory  dncts  of  sweat-glands  and  from  hair-follicles; 
'ir  these  glands  nro  situated  deep  within  the  cutis  and 
ty,  thcnfcii-,  f-i:i|)i'  a  -uiK-rfieial  injury.  As  the  cpilhe- 
of  (heir  rxr-nl.iry  ibiots  is  in  cvcrj'  respect  identical 
the  supei-Jiii.ii  cpiihclium,  it  may  proliferaleand  thus 
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PLATE  J8. 
Fia.  I.— Muscle  Wound  In  tbe Rabbit  Atter  Four  Days  (inj 

Iwmat,  ;  Heidenbttiii  winii.    x  iiOO.};  I,  Spiiidlv-bliapod  iniuclei 
2,  budding  HguriM  in  the  iiuolui  nf  niusclu-otlle ;  8,  tniiiBVi 
frnm   nui-loi;   4,   [iiiiltiiiUL'liur   mubclouKll   tubes;   5.    fii: 
Ii>tigitudinsl  und  iratisver^v  &triatU>u. 

Fiu.  -i.— Inciaol  Wound  In  Rabblt-llver  After  Seven  [ 
(HaiuHt.  ;  Tun  Giisi.n.      '   BO.) :   I,   Liver  lissue  Ht  llit  i-dge  of  | 
wound ;  1',  OHiitiiil  vein ;  U,   neorulk*  Uv<ir  tisauu ;  3,  udwlj'  fun> 
einbryuiml  (Timtiti'iivv  iIshui';  4,   imwlf  rormed  gluiid-lika  tub««  J| 
bile-duuU ;  5,  L'ptic  dilalsliuii8  of  thu  foreguing ;  6,  newlj  TumiMl  O 

form  a  coveriue  with  atratiSed  cjlin<lric  epithvlium. 
nrliticially  pruaiit^  wuitnds  of  thi;  Mkiti  or  itiucmus  mei 
bniiipx,  if  the  glands  are  carefully  ami   thomuglily  i" 
struycd,  tliis  iimultir  cpiik-riiii/^li'm  ia  never  'ibservea. 

Tlie   r^enemlioii   of  (^jUndric    epitlicliiim    is   aim 
always  accomiianied  by  trhnnges  uj  the  ^hupe  of  the  i 
dividual  epithelial  cells;  at  tirst  the  elements  are  I 
Bt]immniia  or  iiciiyhe<lral,  and  later  again  l>ecome  (Tlindi 
cells.     This  integumeniary  tissue  possessee  considersl 
power  of  regeneration,  as,  for  example,  after  losa  of  ti 
tissue  iu  the  trachea  and  bronchi  in  diphtheria,  in  ti 
stomach  in  the  healing  of  a  round  ulcer,  and  in  the  iivi 
testine  in  the  iienling  of  typhoidal  ulcers,  and  oecaeionallj^ 
in  the  jiartial  healing  of  tnliereulous  ulcers. 

Ghnidnlar  epithelinm  also  is  posscfised  of  considerah] 
power  of  regeneration   so   long  as    remains  of  th«   (dq 
glni)<ls  survive ;  the  cells  then  continne  to  proliferate  i 
tbei«e  rcinitins,  and  the  resulting  sul>stitntes  may  i " 
complete  functional  power. 

The  new  fiinimtion  of  wveral  important  kinds  of  ti 
will  nowlK-di-<TilH'd  briefly. 

Striated  Muscle. — AAer  tmumatie  or  chemio  ( 
slnK'tinii  iif  .tri:d.d  musule-tissne  the  firwt  rliange  U-f 
circumserilMii  iieeii •p-iti  at  the  point  of  injury,  the  < 
tractile  Mibwlance  l)eing  converted  into  homogcneons, 
irregular  clu^lp^.  In  the  contiguous  portions  the  muMite 
nticlci  undergo  rapid  multiplication,  evidently  by  direct  * 
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divisiiin — thai  is,  hy  cuu  strict  ion,  lu  tliis  way  lonf^l 
chains  ut'  nuclei  are  furmcd.  The  nuclei  accumulate  ' 
the  ends  of  the  stumps  of  tlie  filters,  wliich  are  oiien  clu] 
shaped  and  are  then  dtsiguated  "  viuMcle-fmds"  (Nen- 
tnann).  Il>oniotiiues  a  longiludJnitl  splitting  is  later 
obeervcHl  in  tlicwi'  luids.  The  newly  farmed  nuclfi  now 
aurroitnd  tliemwlvts  with  pixitoplasni,  and  circular  or 
spindle-nhaped  cellnlar  stniclures  with  iiit^;nseiy  granular 
lx>die8  are  formed,  and  as  these  grow  and  arrange  them- 
selves in  ribbon-shaited  Btrnctures,  the  so-ealkil  "nniitrlf- 
cell  (w6p«,"  result  (Waldeyer)  (Pluto  28,  Fig.  1).  The 
nuclei  show  distinct  budding;  the  buds  grow  not  only 
longitudinally,  l»ut  also  transven'ly,  so  that  we  have  rows 
of  nuclei  lying  side  by  hide.  loiter,  the  protoplasm  \w^ 
oomes  fibrillar,  the  longitudinal  striation  ap]K>ariiig  liefora 
the  transveree;  the  latter  apjH'iUc  fiwt  in  the  form  rf. 
minute  granules  arrangctl  side  by  side  in  orderly  powa. 
Later  the  nuclei,  which  at  first  (x«Hpy  the  middle  of  the 
fiber,  take  up  a  position  nearer  the  surface,  and  the  inter- 
vals between  them  increase.  Not  until  this  stage 
reached  do  the  fillers  surround  themselves  with  a  new 
envelop  of  sarcolcnima  which  is  probably  formed  from 
the  surrounding  connective  tissue.  The  process  is,  of 
course,  accompanied  pttii  pasmi  by  simultaneous  neiri 
formation  in  the  intermuscular  conncrlive  tifisue  whiott' 
does  not  differ  in  any  essential  point  from  regencRitivti 
processes  of  simple  amnective  tissue. 

Wounds  of  the  hearl-vtusde  practically  always  heal 
exclusively  by  means  of  connective-t  issue  scars  and  never, 
hy  the  new  formation  of  muscle  linsne.  As  in  the  case  trf 
infarcts  of  the  myowirdium,  a  non-perforating  solution  of 
continuity  occurring  secondarily  to  traumatic  degenera- 
tion of  the  muscular  elements  gives  rise  to  the  formation 
of  a  gninulation-tissne  derived  from  the  intermuscular 
vascular  connective  tissue,  which  is  ultimately  followed 
by  sclerotic  induration  contaiuing  veiy  few  nuclei. 

In  the  contiguous  parts  uf  the  muscle  the  nuclei  ma.f 
temporarily  show  a  multiplication,  and  muscle-cell  tul 
may  even  Iw  fiirraed  ;  hut  the  regeneration  of 
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aiibslaiice  is  never  t-xteustve,  and  lis  cuiitimiily 
restored. 

In   the  cane  uf  bone  tissue  a  solution  of  continuil 
or  the  iimpututiou  of  a  limg  lx>ne  is  followed  tii'st  hy  mi 
or  less  extensive   lieniorrhage  into  the  medullary  cavity 
and   surrounding  periosteum ;    later   the   eoagnlaliou  uf 
6brin  taken  plsico.     In  the  isise  of  fractures  the  union  of 
fragments  is  not  effei'tcd  by  the  imniwliate  formation  of 
now  bone,  but  by  a  fomplioated  proliferative  pnj<v3s,  be- 
ginning  fmth    in  the   ixTiosteura   aud   in   tlie  medullar}' 
cavity,     Thow?  parts  produoe  a  mjLss  which  greatly  ex- 
ceeds in  size  thu  diameter  of  tlie  bone  and  is  knowi 
the  cailmi.     This  callus  formation  is  at  first  purely  of 
nature  of  connective  tissue,  but  changes  later,  first  inl 
(nrtilage  and  then  into  bone.     The  healing  of  l>one,  there- 
fijre,  rcpresenia  a  pnH*ss  similar  to  the  original  formation 
of  bone,  and  the  closure  of  an  amputation  wound  is  also 
preceded  by  the  development  of  a  robust,  apparently  nt- 
cessive,  new  formation  of  tissue  from  the  periosteum 
medullary   cavity.      The    connective-tissue   cells   of 
periosteum,  especially  those  of  the  inner  osteogenic  layerj 
swell  up  and  multiply,  and  uumerous  mitotic  figi 
observe*!.     The  blooil-vessels  lake  |mrt   in    the   process, 
and  a  gran  illation -tissue  very  rich    in  cells  is  fijrmed  at 
tlie  ends  of  lioth  fragments  and  grows  through  the  intei^, 
Teuing  hematoma  or  the  deposit  of  fibrin  t4i  which 
extrava;sation  of  bhwul   has  given    place;   in   this  ivay 
provisional  iniion  iK'twcen  the  ends  of  the  fragments  * 
means  of  a  soft,  non-nwisting   tissue   is   brought   aboaJ 
At  the  same  lime  an  active  proliferation  of  connectiv< 
tissue  cells  begins  in  the  racilnllarv  cavity  and  leads 
the  formation  of  a  tissue  rich  in  spmdlcMwlls  which 
from  Ixjth  directions,  and  unless  the  <liRplacement  of  tl 
ends  of  the  fragments  is  very  great  or  there  is  some 
teqjositinn  of  tissue,   the   two  masses  soon  unite.     Tbi 
grannJation-tissue  tliwi  forms  fillers  and  eventually  pi 
duces  a  fibrous  tis>iiie  jxmrly  suppliet]  with  nuclei.     Tl 
represents    the    fully   formeil   eonnective-t issue   callus,  II 
which   we  distinguish    the  |K?riosteal  and  the  niyeIogeni( 
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callua.     The  callus,  uf  course,  obstructs  the  ItiQieii  of  tlie 
medullary  cavity  and  the  adi]xise  tisi^ue  in  the  cavity  of 
the  botie  is  replaced  by  ordinary  fibrous  cuuncctivc  tissue. 
If  the  surtkccs  uf  [be  fracture  are  not  in  contact  and  a   , 
certaiu  distance  remuiiiH  to  be  bridged  over  by  ila-  callus, 
consisting  of  grauuliition-  or  connective  tissue,  the  so-called   ! 
inte7^c<tiaiy  caUiui   is  fbrmed  (Plate  29,  Fig.  2).     The  ] 
fibrous  substance  is  gradually  converted  into  cartilaginous  I 
tissue  by  a  fusiuii  of  the  fillers  into  a  homogeneous  hyaline  [ 
muss,  n'|iresent!ng    the   cartilaginous   ground-substance; 
the  cells  are  imprisoned  in  the  circular  cavities  of  this   ' 
ground-substance  autl  ultimately  timii  oirtil age-cells.     At  ' 
ibis  stage  the  udlus  is  cartilaginous  and  all  its  parts  un- 
deivi)  this  cartilaginous  chauge. 

The  cartilage-cells  now  form  a  kind  of  bard  secretion 
impregnated  with  calcium  salts,  which  gradually  sur- 
rounds them  {GcgeiibiUiri ;  at  the  same  time  part  of  the 
cell-body  is  includci!  in  the  ground-substance  of  the  bone, 
and  the  ciirtiln^rc  is  thus  converted  into  osseouH  tissue,  i 
The  cells  shrink,  Itecnnie  spindle-shaped  or  stellate,  and 
afler  a  time  send  out  wavy  processes  into  the  l)one-sub- 
stance;  this  completes  their  development  into  true  bnne- 
corpuscles.  In  the  case  of  the  jwriu-inil  r:illii!<  I  he  pre- 
liminary cartilaginous  stai;n  may  1"'  iii>.]iciiseil  with  and 
an  osseous  periosteal  calliiM  may  he  furnipil  (iirccrly  rhrongh 
the  agency  of  osteoblasts,  which,  after  arranging  them- 
selves in  rows  like  epithelial  cells,  excrete  a  calcareous 
bone-substance  which  finally  surrounds  them  and  thus 
ultimately  converts  them  into  bone-oorpnseles.  At  first 
the  bony  callus  produces  a  marked  thickening  of  the  Inme.,  ' 
from  excessive  deiwsition  of  tissue ;  but  as  the  osseous 
substance  in  the  cortical  layers  consul! dates,  the  tissnes  in 
the  remaining  portfbns  gradually  atrophy  and  undergo 
Bb8or])tion  through  the  activity  of  osieocfejrfs,  as  happens 
wheu  the  medullari-  cavity  is  formed  in  the  course  of 
normal  ossification.     Multinnclear  giant-cella  take  up  a 

C'tion  along  the  bone-tralwcnise,  and  in  some  way  that 
never  In-en  explained  cause  a  local  alisorption  (How- 
lacunce),   thus   gradually   removing   tlic 
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PLATE  29.  

Ficis.  1,  :f.^Deat)i  of  Epidermis  In  TninsplantMl  Skhi  After 
Reverdln -Thiersch  ilrnn-li-iiiiii.  ;  Heiilpulmin  t^fiu.  >  290.); 
Fig.  1.— 1,  Di».4iiHiiiHtLJ  li.Muy  I...V1T;  2.  (irtiHOy  potkod  e|iltlifUul 
cells;  8,  loukwylwi  4,  liirgc-,  vwi.'iiUr  Kiwcee  in  Uiy  epithelium;," 
d«tip,  claiLguled  luj-crg  uF  tliu  vpitlivliuni. 

Fig.  2. — 1,  l>e«i)iia>iiiit«d  linrny  layer;  S,  daii«e1y  pack«d efUthd 
cells;  8.  vvaii-ulnr  mid  cunsl-ltkv  curltiei in  thn  intpnaU  Iwtween ■ 
neurotic  epitlieliul  veW* ;  4.  niii'li'i  nf  I'piilivliut  c-olb  will)  disiip^iai 
chrumutiu. 

Flu.  S.~-Cal\ut  from  the  Pemur  of  a  Rabbit  After  El^ 
Days   ((.'ariiiin-MfU   ilv   Lyon.      ■    1«.)  :    I,   Cortical   layef 
faimr;    '2,   adipo**  tissuo  in  thiv  uibitow;    8,   cunnpctive-tilaae  i 
cartilage  ftirnialiiiD    wiUiiii   the   nialiiliury  oivity  1   4,  oirtilagl 
olliu   foDDMl   rWim   1I1D   |>eri(uileuin ;   5,   CHrdJHgitious  intennedlfl 


wliicb  havf  bewime  superfluous  now  that  the  cortical  lajn 
is  fornio<l,  both  in  the  periosteal  and  in  the  myelogenic 
callufi.  Tho  swelling  disappeare,  tlie  periosteum  arain 
covers  llie  bone,  tJie  medullary  navity  becomes  jiatuToua 
and  is  surrounded  only  by  trabevuliu  of  spongy  substance 
while  the  nuirrow  itself  al«)  under^es  n^neration,  dnri  ' 
which  it  takes  up  fat  from  the  connective- tissue  cells  a 
receives  blixKl -vessels  from  the  neighboring  tissue.  Af 
a  few  months  the  site  of  the  fracture  often  reveals  its* 
only  by  a  sh'pht  thickening  of  the  periosteum. 

iiyier. — Wounds  of  the  liver  are  followed  by  death  4 
a  contipuons  jwrtion  of  the  organ,  the  extent  dependii^ 
on  the  kind  and  degree  of  the  injury.  As  soon  as  "^ 
<lefeet  has  been  bridiie<l  over  by  the  mass  of  6brin  fore 
by  extravasated  blood  and  plasma,  it  is  gradually  filled  i_ 
by  a  granulation -tissue  which  grofts  from  preexistiQj 
connective  tissue.  Some  epithelial  elements,  howevel 
also  enter  into  the  formation  of  the  new  tissue,  for  dv 
bile-duots  cend  out  numerous  hods  into  the  tender  youDi 
scar,  which  at  first  is  ptior  in  filvers,  and  there  form  j 
system  nf  brandling  and  interlaeiug  canals.  Sometim  ' 
large,  eyst-like   cavities  are  formed,  surnmnded  00  1 
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sides  by  epitiic-lium,  Tlu-  rows  uf  epitbeliul  cells  may 
so  L'luBely  applied  as  to  form  a  tissue  which  Id  its  structi 
resembles  liver  tissue,  but  true  regeueratiou  of  glandi 
substJUice  capable  of  fiuictiouatiiig  ])robably  never 
place.  The  scur  fmm  an  incised  wound  uf  the  liver  in 
the  rabbit  nfter  a  week  preseutK  the  tollowing  picture 
(Plate  28,  Fig.  2) :  A  lai^e  iwrtion  of  the  liver-tissue  is 
necrotic,  the  cords  of  liver-cells  uro  disintegrated  and  con- 
verted into  a  yellowish,  homt^'iieous  mass  devoid  of 
nuclei  or  filled  only  with  the  minute  remains  of  nuclei. 
Growing  frora  the  edges  of  this  area  a  loose-meshed  con- 
nective tissue  has  already  bridged  the  gap  between  the 
two  edges  of  the  wound.  This  young  cicutriciul  tissue  is 
traversed  by  numerous  thin-walleil,  dilated  vessels,  and  in 
many  places  incloses  small  groups  of  necrotic  liver-cells 
which  are  distinguished  chiefly  by  the  presence  of  small 
particles  of  bile-pigment.  This  granulation- tissue  con- 
tains in  its  interior  a  system  of  eontniu ideating  epitbeliul 
tubes  of  varying  caliber;  some  of  the  epitlielial  elements 
are  low,  almost  squamous  ;  others  are  ouboidal,  but  none 
of  thera  presents  a  eylindric  shape.  In  some  places  large, 
circular  cystic  cavities  are  seen  in  transverse  section, 
recognized  ijy  the  fact  that  their  walls  are  linetl  with  two 
or  more  layers  of  low  epithelial  (*lls.  In  placea  those 
tubes  of  cells  come  into  direct  contact  with  surviving 
portions  of  the  liver-tissue.  Mitotic  fijrures  are  scanty, 
and  do  not  occur  at  all  in  the  liver-cells.  Frequentiv 
small  collections  of  necrotic  liver-cells  are  seen  iu  imme- 
diate contact  with  the  epithelial  canals,  which  appears  to 
show  that  the  latter  do  not  take  their  origin  from  the 
cells  of  the  hepatic  parenchyma.  Old  scars  in  the  liver 
consist  almost  exclusively  of  robust,  fibrous,  cicntriciol 
tissue  -with  few  nuclei  and  containing  a  few  scattered 
epithelial  cysts.  After  the  extirpation  of  cnnsMlemhle 
portions  of  the  liver  a  similar  cicatricial  process  takes 
place,  in  which,  however,  the  cnpsular  connective  tissne 
takes  the  principal  part.  Tlie  surviving  portions  of  the 
liver  undergo  marked  comp(>ii^ntiirvhvp.-rtri-iphv,  the  acini 
enlai^,  the  liver-i'dK   '  ..  ■,,       '.'■.  ',  .     h',,! 
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niitdtit!  (livisii)ii  uf  llifir  iiui-lci,  so  tLut  tlii?  loss  of  voIuiD*! 
is  completely  made  good  in  a  compumlively  siiort  timel 
(Fuiifick). 

A  cicatrix  iutlowing  a  woimd  of  tLe  kidney  also  pre-a 
mata  Id  its  connective  tissue  atW  eight  to  ten  duyii 
formed  narrow  tubules  wbicli  communicate  with  thd 
straight  and  convoluted  uriniferous  tubules  in  the  ueigh^J 
boriug  tissue  (BoriliJ.  lu  the  case  uf  the  kidney  S 
there  is  im  rcgeuemiiou  of  liiru'liouatiufi;  p^n'tichyma. 

In  the  sexual  glands,  ihu  k-siiduH  ami  ovaries,  alsoJ 
the  reparalive  procrf^s  l■c>ll^i^ls  in  simple  s<.'ar-tiiruiaUon,j 
and  tJic  des[r()ycd  pareuchynia  is  never  ivstored. 

Nerves. — The  reparative  processes  llial  take  place  ii 
the  ncrvei  are  of  great  practical  important*.  Th<' periph* 
eral  nerves  are  capiible  of  extrusive  regeneration.  Not  unlyj 
after  simple  division  of  the  nerve,  hut  even  after  tiu 
excixioQ  of  a  cunsidemhle  p<iniou,  nervi^-«ouductioti  mam 
be  completely  restored,  showing  that  the  nerve-subetanoc  _ 
evidently  has  been  restored.  Every  solution  of  oontinuity 
in  H  nerve  is  invariably  followed  at  once  by  degeneration 
of  tlie  pnttre  peripheral  and  a  variable  jmrtion  of  the 
central  segment.  When  the  peripheral  jMirtion  is  com- 
pletely removed,  as  in  the  case  uf  amputation  of  a  limb, 
for  example,  the  Mump  heala  with  the  formation  of  con- 
nective tissue;  even  In  this  rase,  however,  a  proUfemtion 
of  nerve-fibers  r^ularly  Inkes  place  and  leads  to  tii& 
tiirmation  of  a  m.ass  uf  intiTlacing  mednllatcd  axis-cjditi- 
ders,  a  phenomenon  which  was  formerly  erroneonsly  in-" 
clnded  among  the  tnie  minors  and  desiirnated  an  "  nmpu-  ~ 
laiUm  nmiroma"  or  "fliunii  nruriima"  (<of  ondor  Neuroma 
in  the  chapter  on  Tumnr:^).  In  addition  to  ihr  tranmatlo 
dE^eneration  which  fidlows  ilivisinn  of  the  ner\'c-triuik 
and  afleets  only  the  portions  in  the  inimetliate  neighbor* 
hooil  of  the  |Kiint  of  division,  so-calliil  seciindan.-  degencra 
linn  or  [laralylie  degeneration  sets  In  and  pnijiresses  aloi^ 
the  entire  peripheral  jxtrtlon  of  the  fibers,  the  medullar) 
sheaths  and  asls-cyllnders  are  gmdually  split  up;  in  th^ 
wntral  portion  this  process  extends  at  least  so  far  as  tbi 
iJf.Tt  nmle  of  Kanvier,  and  often  fiir  some  distance  farther,! 
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Two  (lays  aft* r  the  injury  the  medullary  sheath  hreaks  upj 
into  cylindric  fr.jgments  wbicli  coiitiuue  to  split  up  iuto 
sinaltt^r   ami    shorter   fragments   wilhiu    the    sheath 
Schwann,     The  axia-cyliiider  alao  hreaks  tlowii ;  first  iti 
swells  up  and  presents  small  cystic  an<t  villous  projcctionH 
along  its  sides,  and  the  fragment*,  undergo  varicose  dllata 
tion,  while  the  myelin  fragments  present  a  frayed  appear^ 
ance.     The  degeneration  of  the  axis-cylinder  is  accom-, 
panied  by  active  proliferation  of  the  imclei  in  the  sheath 
of  Schwann.     They  enlarge,  acquire  more  chromatin,  and 
eventually  are  pushed  to  llic  center  of  the  filicr  among  the 
fragments  of  myelin,  very  much  as  in  the  ease  of  the  . 
nuclei   of   muscle-fibers.      The   protoplasm    imniediatelT^ 
surrounding  the  nucleus  swells,  so  that  the  intervals  ' 
tween  the  myelin  drops  are  iwciipied  by  cellular  tul 
possessing  many  nuclei,  which  continue  to  undergo  mitotial 
division.     It  has  uever  been  satisfactorily  demonstrated"^ 
what  part  these  cellular  tubes,  which  later  are  converted^ 
into  long-drawn-out,  spindle-shaped  elements  by 
crease  in  tlieir  protoplasm,  play  in  the  regeneration  of 
ner\-es — whether  they  produce  only  the  sheath  of  Schwann 
for  the  new  nerve,  or  whether  they  have  any  connection 
with  the  new  formation  of  the  conducting  fiber  of  theJ 
axis-cylinder  and  form  a  neeessary  siil)stnit«m  for  it,  i 
has  been  recently  suggested  by  Marchand, 

Acconling  to  a  more  widely  accepteil  view,  the  conl-like 
Rccnmulation  of  wlU  which   results  fnini   the  sheatb  of 
Schwann  forms,  a?  it  were,  tlie  path  for  the  nerve-fibers. 
It  is  rertain,  at  least,  that  tlic  axib-cylindcr  gmws  only   . 
from  the  surviving  |mrtion  of  liic  central  stump.     Some-J 
times  an  old   axis-cylinder  throws  out   pevcral  delicate^a 
wiral  bmnchi-H,  one  coi!e<i  within  the  other.     The  young" 
fibers    earlv   receive   a   covering   iif   delicate    medullarj' 
sheaths  [whicli  by  some  are  traced  to  the  cells  from  the 
nearilcmma. — En.]     Conduction  is  restoretl  through  the 
r  formed  axis-cylinder  not  only  after  smooth  division 
B  nerve,  hut  also  after  the  excision  of  a  considerable 
n ;  this  is  shown  by  the  fact  that  the  peripheral  part 
■  case  aD<l  without  reference  to  the  si«e_c" 
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exfiswl   iwrtKiM   is  doomwl  to  destrutition  and  n 
rutttoretl  by  complete  new  formation. 

In  coutrast  tu  tlii'  great  power  nl"  regeneration  obscr\'i>q 
in  peripberal  uervoa  af^r  tlieir  traumatic  destruction,  tht 
faculty  of  the  central  iiervoua  si/elcni  to  rti-tore  parts  Uid 
have  boon  destroyed  is  exceedingly  tiliglit.     Botli  in  tlia 
spinal  cord  and  in  the  brniu  injury  and  di-striietion  hym 
other  oiuses,  such  aa  hemorrhage)  softening,  or  vomprea-fl 
sion,  is  never  followed  by  regeneration  of  tlie  destroyed 
nerve-substance.     In  the  ease  of  a  "  healing,"  the  result- 
ing tissue,  which  may  be  formed  quite  rapidly,  consist 
exclusively  of  oonnetitive  tissue  and  neuroglia.     Thus  ii 
dogs  Schieffeniecker  observed  firm  union  of  the  eudaofij 
the  s|)inal  cord  by  connective  tissue  as  early  as  two  weekl 
after  the  division. 

Skin. — Finally,  a  few  words  in  regard  to  the  bistologitfl 
behavior  of  transplanted  skin  may  not  Ik  amiss.  It  oafl 
been  lejirued  ihim  invajtigutions  of  the  healing  of  traa»^ 
planted  portions  of  akin  after  the  method  of  Revetd' 
and  Thiersch,  as  well  as  of  larger  skin-Saps,  that  t 
greater  part  of  the  transplanted  tissue  is  irrevocably 
doomed  to  destruction,  which  is  contrary  to  the  fnrmet^ 
view  that  actual  direct  union  of  the  implanted  piece  takefl 

Slace.    In  some  cases  the  structiire  of  the  entire  inipluntedl 
ap  preaenta  evitlences  of  ench  complete  reconstruction  s 
inevitably  to  lead  to  the  conclusion  that  the  flap  acts  onljT 
as  a  kind  of  natural  plaster  which  stimulutes  and  fttcIli-V 
tat«s  the  formation  of  new  elements  from  tiie  surrounding^ 
tissue. 

The  epidermis  in  particular  is  almost  always  foond  ti 
bo  destroyed  completely  in  praclically  all  its  layem.     Tfaft^ 
stmtum  corneiim  first  separates  and  is  cast  off;  this  is  fol- 
lowed by  ItMisenine  and  swelling  of  the  su])erficial  layera 
of  the  rote  Malpigliii.     Irregular  cystic  cavities  appear  in 
the  cells,  and  the  cell-bodies  appear  to  fuse  into  a  cotierent, 
almost  homogeneous  mass,  which,  however,  stains  irithJ 
varying  intensity  in  the  different  layers.     The  nnclei  arsfl 
forced  out  of  the  mass,  so  to  speak,  and  are  found  col— 1 
leeted  in  large  and  small,  irregular  and  cyslie,  cnnal-Iikef 
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ravities  (Plate  29,  Figs.  I  and  2).  T)il-  l-l'11s  of  tlif  low- 
layers  of  the  reto  Malpigliii  uth;ii  iip|i<".ii'  drawn 
It^igthwise,  eylindi'io  or  spindle  slmpixl,  uud  narrow, 
tliat  die  deeper  layers  of  the  epidermic  pr(!seut  a  striatios^ 
perpendicular  tu  the  surface"  (Marchiind).  At  iic»t  the 
nuclfioli  itpjjeiir  particularly  dark  und  large  (^Plate  29, 
Fig.  1);  latei',  howt'ver,  a  proyre.ssi  ve  loss  of  chromatin 
hegino,  and  eventnally  the  niielei  become  pule,  while  the 
outer  layers  contain  very  small,  atnitMt  unstained  particles, 
of  nuclear  matter.  The  leukocytes  traverse  tins  dyir-* 
epidermic  and  are  found  oollcctcu  in  jilaces  in  large  cyst 
cavities.  Red  blood-cells  also  may  be  washed  into  tl 
oomm II ni eating,  canal-like  cavities.  The  tissue  of  tli 
transplanted  cutis  undergoes  pntgres^ive  dcgeneratiooj 
wliicn  begins  tlie  lirst  day  afVer  the  operation,  and 
eatne  time  leukocytes  and  plasitia-ct-Us  make  their  wa^ 
into  the  tissue.  The  spindle-cells  of  the  connective  tissue 
shrink  and  ultimately  disappear,  as  do  als«i  the  nuclei  in 
the  walls  of  the  blood-vessels,  especially  the  endothelial 
cells.  From  the  underlying  tissue  embryonal  connective- 
tissue  cells  and  blood-v'essels  now  push  their  way  outward, 
and  in  their  pn)greRS  they  consume  the  layer  of  fibrio, 
between  the  implautt^^I  flap  and  the  \mm;  the  blood- 
Teasels  of  the  flap  again  till  with  bloc)d,  the  young  blood- 
vessels utilizuig  many  of  the  older  cliannels  and  gmwing 
directly  into  the  ileiid  endothelial  tubes.  Even  the  elaetiO' 
elements  of  the  implanted  skin-flap,  which  naturally  po8~j 
sesa  considerable  powers  of  resistance,  are  also  graduallyj 
destroyed  after  having  been  pushed  aside  and  broken  up3 
into  fn^meuts.  New  elastic  fibers  grow  in  from  the  sidal 
in  the  same  way  as  in  the  case  of  new  formation  of  elastio  I 
tissue,  which  has  been  descrilwd  el.sowhcre. 

The  destruction  of  the  transplantcfl  portion  and  itft.J 
replaoement  by  new  tL-^sue  is  not  a  suddcu  process,  nor  i»m 
k  uniform  in  every  portion  of  the  denuded  surfatw.  The  | 
part  which  form^  mo.st  rapidly  is  the  epithelium,  whicb-l 
grows  in  from  iho  sides  under  the  protection  of  the  dying  J 
epidermis.  8omc'time»,  however,  if  va.'^ularization  tiike3.f 
^flaoe  early  enoughj  a  few  isolated  groujie  ttf  (^Ik  surviyi 
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ill  tlie  (Iwper  p>rttODs  of  the  trani>]>laut«(l  epidermis,  b 
in  Biich  casta  these  surviving  ctlls,  of  iiiui-se,  may  start  a 
regenerative  prowess ;  and  when  a  large,  thick  flap  of  skin 
is  trauaplanted,  a  new  formation  of  cells  luay  begin  in  the 
ducts  of  tlie  aweatr^lands. 

Affording  t^  Kat^,  the  pigmentation  of  tran.sp]ant«d 
skin  in  dark-skinned  individualH  is  effi-cted  liy  chromatt*- 
phoree — /■  c,  stellate,  pigmentr-ciontaiiiing,  waiiiiering  cells 
the  latter  travtrse  the  cutis,  and  witii  tliv  aid  of  th) 

Srocesses,  which  grow  in  between  the  cells  of  the  epider 
eposit  their  pigment  in  the  latter. 

INFLAMMATION. 

Influniniation  is  a  facultv,  plivlngcnetioally  acquired  I 
adaptation,  by  virtue  of  wliich  the  body  reacts  to  injnn 
of  tissues  in  sut^h  a  way  thai  the  sum-total  of  the  react? 
phennmenn  tioutndiites  as  nmcli  as  possible  the  cfTcctsil 
the  injury.' 

It  follows,  therefore,  tliat :  1.  Inflammation  in  itself  is 
not  a  morbid  condition,  but  merely  represcntw  ihe  symptom 
of  a  morbid  condition  ;  jusi  as  fever,  for  example,  is  not  a 
disease,  but  the  expression  of  the  reaction  on  tlie  part  jj* 
tlie  iMMly  to  an  irritant. 

2.  Anything   that  is  capable  of  injuring  tissues  i 
produce  iuflammation. 

It  has  been  seen  tliat  certain  injuries,  when  they  afi! 
the  tissues,  may  lead  to  the  occurrence  of  retrogre 
metamorphoses,  manifesting  themselves  either  as  degenei 
tions,  as  necrosis,  or  necrobiosis  of  cell  territories,  ; 
that  these  changes  are  regularly  followed  by  certtiin  J 
active  phenomena  in  the  siirrtiunding  (issue,  lUiIeasn 
tutio  ad  integrum  rapidly  ensues  or  tiie  retrogre 
metumorposis  is  so  intense  and  set  extensive,  or  octiura,!^ 
organs  of  such  im|iortance,  as  to  eaiise  tlio  death  of  t 
entire  uranism  within  a  short  time.     In  sneh  cases  fl 

'  A>  t)  mitttar  of  fact,  even  the  l<iwt«t  unicellulnr  oi^inUmi 
Rt  umi'hBE.  tnmiifwtly  mad  tn  iiijorimiB  iiilliiHnow  ((ihemotoiw,  t 
cytais,  iTitni(Tllil1nrdiKi>>ti«n).  w1iil«  lii  thv  higher  funns  of  " 
mtclion»  ure  pcrfumiiKl  by  ™rtoin  dpflniU'  wU-gnrup". 
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"  intlaniiiiiit*>ry  "  prucfssea  are  pnxliiwd  imt  rsii  riiucli  \>y 
the  iujury  itself,  as  iiuUreetly  bv  tlie  injiiittl  up  tlciid 
tissue,  wbicli  in  iteelf  acts  as  au  irritiiiit  to  tlie  iieigli  I  Hiring 
cells  and  tissues.  Tlius,  for  an  example,  it  has  been  seen 
that  infarction  is  followed  by  "  rt-Hdicr  hijUimmtUion" 
culminating  in  llie  replacement  of  the  essential  tissue  of 
the  rti^n  by  connective  tisi*uc.  At  the  very  tw^inuing 
of  this  pmccss  the  necrotic  portion  uf  tissue  b  surrounded 
by  a  wall  of  Icukotiytes,  which  also  extends  some  distance 
inlo  Its  interior;  later,  as  the  dead  tissue  breaks  down 
newly  formed  granulation-tissue  puslies  its  way  into  the 
mass.  Some  jmrls  of  the  tissue  sutler  fatty  degeneratioQ 
and  eventually  undergo  complete  solution  and  absorption 
but  even  those  are  replaced  by  Ihe  formation  in  ne« 
tissue,  which  ultimately  fills  up  the  gap.  The  same  thing 
happens  in  the  case  of  any  defect  prodnee*!  by  injury  or 
any  other  csuise.  The  thrombus  formed  iu  a  blooti- vessel' 
ultimately  Incomes  a  dead  foreign  body  and  stimulalea  the 
contiguous  vessel-walls  to  prmiferatioii,  the  tissue  thus 
produced  eventually  rq)1ainng  the  thmmhus.  In  this 
sense  any  mechanical,  chemic,  or  thermic  influence  may 
be  said  \a  luuse  inflammation  in  the  tissue,  hut  a  retro- 
gressive process  is  not  always  necessarily  present  in  the 
tissue  at  lirst.  In  the  greater  number  of  cases  it  is  not 
observed  at  all,  or  occurs  only  later  on,  and  the  inflamma- 
tory phenomena  develop  immediately  afier  some  external 
injury  to  tlie  oi^nism.  Although  the  in'ilant  is  itself 
the  direct  cause  of  the  inflammation,  the  essential  thing 
about  it  always  is  that  it  iujures  the  tissue.  Inflammatioa 
occurs  because  tissue  has  been  iujureil;  the  body  stands 
on  the  defensive  against  injury,  and  this  defensive  processs 
manifests  itself  to  the  observer  in  the  variegatwl  picture 
of  inflammation.  If  the  noxious  substance  or  influence  ia 
completely  remove*!  from  the  bo<ly,  the  inflammatory 
process  may  be  said  to  have  a  certain  "  physiologic " 
course.  The  "  healing  process,"  which  is  ushered  in  by  ] 
the  inflammation,  becomes  wimplete ;  but  if  the  noxioua  ] 
agent  cannot  be  removed  by  the  reaction  of  the  body,  the  I 
gradually  destroyed,  and  the  phenomena  of  in-^ 
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flummatioii  cuiitiiiiic  to  tbc  end.  This  b  more  particular!; 
the  caae  in  tlie  presenile  of  liiesc  noxioiia  Ixidies  that  con- 
stantly reproduce  theniselveit  spoil  laneuuMly  witUin  llu 
organism,  and  jiossess  the  faculty  of  (Spontaneous  niulti- 
plicatioo — in  otlicr  wonU,  that  are  alive — the  parasitic 
and  especially  the  bacterial  causes  of  itiHamnmtioa.  Then; 
is  no  ju»tilication  in  saying,  therefore,  that  an  individual 
dies  as  the  result  of  supptmition  in  various  oi^ns  (septi- 
wipyemia) ;  it  woul<l  be  more  correct  to  »ay  that  the  indi- 
vidual dies  of  a  staphylococcus  or  Btreptucoccua  intiction 
in  ajiUe  of  the  development  of  multiple  and  exteasiv 
supouratjvc  processes, 

What  means  has  the  or^ni^m  at  its  disposal  tn  reset 
injuries  and  dcfeud  itself  against  them?  The  doctrine 
iufliinuuulion,  whi<-h  in  many  ways  is  an  index  of 
entire  history  of  medicine,  was  dominated,  until  well 
the  past  century,  by  the  views  of  Celsua  and  Galenus 
the  inflammatory  process  consists  in  an  engot^euicnt 
the  tissues,  and  from  this  conception  the  airdinul  symp- 
t()ms,  calor,  hivtor,  riifior,  and  <iolor  (heat,  swelling,  redness, 
and  pain)  were  derived,  to  which  later  was  added  /w 
Inm  (impaired  function). 

By  a  most  laborious  process,  which  I  shall  not  attemi 
to  trace  here  and  which  is  marked  chiefly  by  the  epoc 
making  invcisliy:iliniis  ;md  <iisi'iivcni's  of  Vii-chow,  v« 
Renklinghanwn.Cnhiilirirn./j.'L.l.T.  Miircli;iud,andotliei 
our  views  havr  iil  lii-l  liri'n  .-hiritivd,  :uid  il  'if  now  g 
erally  conceded  tiuit  inflanimaiiun  Is  unalomically  chat 
tetH:!ed  by  threo  main  prooei^ses,  trRcea1>te  both  macro 
scopically  and  mieroRcopicnlly,  namely  :(1)  Exudations 
(2)  emigration ;  (3)  cell-pmlifcration.  The  two  former  ha' 
(heir  origin  in  the  vuscnltir  system,  or,  to  l>e  more  exac 
in  the  wmtcnts  of  the  blood-vessels.  In  everj-  case  ( 
inflammation  the  three  proitsses  are  at  least  indicated,  i 
not  actually  present ;  very  frequently  one  of  the  tiitf 
pretlomi mites,  and,  partially  at  least,  more  <ir  less  obecuvi 
the  other  two,  so  that,  according  to  the  prepniiderance  4 
one  or  tlie  other  of  these  symptoms,  we  distinguish  in  6" 
.•jH.'i(onii(7  picture:  (1)  Exrukilice;  (2)  purak 
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ducfii't  inflammiition.    The  tliinl  main  division — primarily  1 
productive  iiiflummutioii — muwt  l)e  fareCully  distiiiguishra,  I 
however,  tTi>iii  the  forms  of  tissue-production  wliicb  may  I 
occur  secondarily  to  any  other  inflamniution,     lu  tlie  case  I 
of  exudation    the    ti&sue-pi-odnciiou    ultimately  U-nds   to 
oi^inization  of  the  exudate;  but  afU-r  purulent  iuflHmma- 
tion,  (vheii  the  pus  and  the  dead  tissue  have  l:>een  rcmoviil, 
the  formation  of  tissue  effects  the  restoration  of  tho  re-  | 
suiting  delect.      It  would  be  useful   to  make  a  Hpet-iitl  I 
division  of  the  productive  phenomena — I.  r.,  lliose  proo- I 
,   esses  which  take  pliuc  iu  fixed  tissue-cells  as  distinct  from  j 
those  which  have  their  origin  in  the  vascular  system,  nnd  i 
to  regard  the  latter  alone  as  characteristic  of  innantmation.  ] 
It  has  been  seen,  however,  in  the  section  on  Pathologic  I 
Organimtion  and  Regeneration,  that  these  processes,  al- 
though quite  different  in  their  origin,  are  so  closely  cou- 
nccted  that  for  the  present  such  a  division  does  not  appear  J 
to  be  feasible.  | 

Virchnw,  in  his  attempt   to  separate  the  conception  of  1 
the   inflaramatorj'   process   from    the   vague  notion    that  I 
merely  the  vawular  system  and  the  blood  were  in  some  ' 
way  concerned  in  it, — so-called  "phlogosis"  and  "phle- 
'  bitis," — and  to  bring  it  into  relation  with  the  pheiiomona 
I  observwl  in  cells,  dislinguisheil  jxirmchi/vmlouii  iiijimnvm- 
[  Hon  and  interditial  inflnmmaflan.     The  former  he  traced  J 
I  to  the  clouding   and  increase  of  the  pnitoplusm  due  t 

nutritive   irritation   (cloudy  swelling) ;   he  Wlieved   that  j 

I  ihe  tissue  elements  underwent  a  progressive  change  with  | 

I  » tendency  to  subsequent  dt^-neration  witiiout  the  torma- 

I  tion  of  an  exudate   between   the  cells.     It  is  quite  true  I 

I  that  parenchymatous  orgims  may  present  processes  which,  ] 

in   addition   to   cloudy  swelling,  are  elmrarterized  by  a  | 

marked  proliferative  activity  on   the  jwrt  of  the  } 

)  chyma  cells.     The  liver,  for  examjtlc,  after  certain  forms  j 

L  of  poisoning  (Plate  ^^^,  Fig,  1),  presents  a  marked  cloudy  j 

swelling  when  examined  in  the  recent  state ;  but  when  a  f 

lateined  specimen  is  examined,  the  chnraeterisfic  dissoela- 
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are  enlarged  iind  iisimlly  contain  one  or  more  nuclei — 
even  two,  three,  or  fimr  nuclei  are  ("iiiind  in  one  cell. 
Mitotic  figures  jire  rarely  sccu  ;  wliile,  on  tlie  other  haoil, 
tile  shape  and  j;njui>ing  of  tlie  nuelei  indicate  the  occur- 
rence of  direct  ilivisiou.  Figures  exhibiting  sprout*  and 
diviiiiou  by  uiinstnctiou  arc  ahnndaut;  the  acini  ajipear 
enlarged  ;  the  cells  of  a  single  acinus  increase  in  number, — 
phenomena  which,  taken  alt<^etber,  poiut  to  an  increased' 
proiluctiou  of  paronehyina  cells.  But  ull  tliese  pre 
are  merely  tenipor.irv.  Unless  death  occurs  from 
other  organic  lesion,  they  speedily  give  place  to  mom- 
profound  destructive  processes;  neenKJii*  with  fatty  de- 
generation sets  in ;  or,  if  healing  takes  place,  tlie  lust 
tissue  is  replaced  by  granulation- tissue,  aud  this  is  followed 
later  by  induration  of  the  organ. 

From  tlie  clinical  viewpoint  the  conception  of  parenolil 
uintous  infiamniation  is  even   more  deeply  nwtcd.     In 
cliniciau  speaks  of  inflammation  in  many  cases  in  whu 
patLo logically  only  degenerative  processes  can  be  dome 
strated  ;  thus,  for  example,  the  appearance  of  albumin 
moi-phologic   elements   m   the   urine   is  regarded  by  " 
cliniciaD  as  the  symptom  of  renal  inflammation,  altl 
these  symptoms  in  a  majority  of  cases  are  due  to 
gressive  metamorphoses  and  do  not  necessarily  imply 
slightest  trace  of  inflammatory  change.     NoTradays  pntit- 
oI<^istB  can  readily  dispense  with  the  conception  of  paren- 
chymatous inflammation,  and  may  include  the  proce^ises 
formerly  described  under  that  name  among  tbe  varioi 
forms  of  retn^ressive  metamorphosis,  which   have 
minutely  described  in  the  preceding  pages. 

It  is  needless  to  say  that  even  with  our  present  view  _., 
regard  to  the  nature  of  inflammation  we  cannot  afford 
altogether  to  discanl  llie  notion  that  degenerative  processes 
play  a  certain  rCile,  especially  in  the  earlier  stages;  and  it 
IS  probable  that  every  case  of  inflammatory  exudation 
ana  emigration  implies  the  existence  of  primary  degenera- 
tive processes  In  the  vessels.  The  fluid  inflammatory'  ex- 
udate contains  a  lai^  percentage  of  albumin,  almost 
equal  (o  that  of  blood-serum.     This  phenomenon  ( 
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L)c   attributed  nltugetLcr   tu   uii    increase   in   tlie   1)1chh]- 

I  pressure,  for  eveu    in  cuses  of   excessive  i>lood-preHsiire  J 

I  from  iuteiisG  passivo  cougetttion  tlic  triinsu<lute  eDUttuas  I 

only  a  &ma\\  quantity  of  albumin,     The  increase  in  the  I 

percentage  of  albumin  must  be  eliiefly  due  to  some  cliange  1 

m  the  filtering  membrane — I'.c,  tlic  vcsscl-wull ;  imd  it  is  ] 

I  probable    that    tliew?    degenerative    processes    primarily 

attack  the  cement  substance  between  the  cudotheliul  cells   ' 

and  later  perhaps  the  cells  themselves  as  well. 

EMIQRATION  AND  PURULENT  INFLAMMATION. 

The  first  change  observed  in  an  infiameil  area  seen 

a  transparent  living  object,  as  in  the  mesentery  of  the 

'   frog,  or,  ill   the  case  of   mammals,   in   the   outstretclietl 

wing  of  the  bat,  is  a  slowing  of  the  blood-stream.     In 

the  venous  and  capillary  vessi'ls  the  peripheral  zone  oC 

plasma  disappears  and  is  replaced  by  white  bkiod-L-ells. 

I   Cohnheim,  the  discoverer  of  emigration,  attribute*!   this 

migration  to  an  active  process  on  the  part  of  the  leiiko- 

I  cytes,   but   Hering  and   his   followere   showed    that  the 

I  phenomenon  is  of  a  purely  physicid  nature ;  for  it  can  lie 

\  demonstrated   that   whenever    corpuscular    elements   are 

!  suspended  in  a  fluid  which  circulates  in  a  closed  system 

of  tubes,  retardation  of  the  current  causes  the  peripheral 

disposition  first  of  the  lighter  elements,  and,  if  the  velocity  j 

is  still  further  diroinished,  that  of  the  heavier  particles.  ' 

The  leukocytes,  by  virtue  of  tlicir  agglutinative  fiiculty 

I   or  the  peculiar  serrated  nature  of  their  surfeecs,  adhere  to 

I  the  inner  wall  of  the  endothelial   tubes,  «>metimes   roll 

I  along  for  a  certain   distance,  and  eventually  stick  fast, 

Leitber  singly  or  in   little  groups  or  clumps.     Later  the 

lleukocytea  are  flattened  against  the  inner  surface  of  the 

Iveseel-wall.     One  side  becomes   flat  and    attaches  itself 

f.closely  to  the  vessel-wall,  while  the  other  side,  that  turned 

l-towanl  the  lumen,  may  still  preserve  a  convex  outline. 

I  This  phenomenon  is  attributea  to  the  peculiar  movement 

I  of  their  pnitopla-im  with  which  leukocytes  react  to  any 

Lpiovement  of  the  snrfiice,  a  tactile  Bensibillty  (Mas^rt^ 
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PLATE  io. 
Flo.    I,— Leukocytes  from  a  Recent    Abscess    In  Muscle 

(Hprnst-uraiigi-.  «  iW-i.)^  1,  Sliillinuoleur  luakocyti'e;  2,  k'ukiicvli» 
with  rmgmm tod  nudei;  B,  lyiii|.hitjn-s. 

KiQ.  2— Wandering  Cells  from  the  Connective  Tissue  of  s 

Nasal  Polyp  (lK-mut.-i'<i»in.  -.  r,2h.):  1,  E.n,inopl,il,-,  rri..ri.irHi- 
rli'nr,  Riid  muhiimclfur  li'ukucytce  ;  2,  laige  mori'inui'li'or  Iciikocyt™ 
witliMiitgninuluti.iii. 

FiQ.  3— Mast -cells  from  Lupous  QranulatlonTissuelCitr 

gonliun-violet.      ■<   l.JOO. ). 

Fio.  4.— Fibroblasts  from  the  Connective  Tissue  In  the  B 
Of  a  Rabbit  Three  Days  after  Painting  with  lodln  (liuii-l 
Ucidclilmin  i-^sln,      ■    fi25.):    1,  Siiimlle-*1ii,iie(l  ftbrvWaaU ; 
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Fin.  5.^  Foreign -body    Giant-cell    Containing    Scales    i 
Horny  Cells  from  a  Case  of  Lupus  Itypertropblcus  (Cunnld 


Fill    'I.    Tuberculous  Giant-cell  with  Pseudopods,  from  I 
Case  of  Tuberculous  Peritonitis  i  Hi^tunt  -e.ij<in.     >  H-lh.). 
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Tlic  fliiikii..!  t>i.Ie  tliiu  wnuls  ->iit  small 
[>rii|ii|i!;ir-mir  pntce^ircs  or  pseud ojHMtfi,  wliicli  iHTiflrnlo 
ilip  vcssil-wall  and  gradually  work  their  w:iy  tlinnij^li. 
Wlifii  i!n'  extremity  of  the  process  lias  reiicliid  i!if* 
hJ.-  of  Ilitr  wall,  it  swells  out  iu  the  slm|><-  of  a  l>ii 
gradually  enlnrpes  moro  and  more,  aiid  ulilmalely  drat 
the  entire  eell  tlimugh  the  wall  ;  the  littic  <■ 
toplasni  apj)ears  to  develop  a  flowing  nuivcment,  iind  __ 
rell-body  crawlft  tlirougli  the  wall.  It  has  already  been 
stated,  in  dowrihiiig  the  processes  of  lienKirrliage  l>y  dia- 
pcdesis,  that  tins  transmigration  was  fnrmerly  eiip)H)6ed 
to  take  plaee  thningh  prt.forn]o<l  gaps  in  the  inilotneliam 
— so-ealled  sdimnia  or  stigmata;  bnt  Arnold  has  eliown 
that  the  rells  always  make  their  exit  through  the  cement 
substance,  which,  under  ecrtaiii  eirenmstances.  Is  visibly 
bn>adMie(l,  in  which  case  the  walls  of  contiguous  eudollie- 
lial  rells  separate.  It  is  nnibable  that  lliesr  minute 
changes  are  also  resnonsibie  for  the  eseaiK"  of  all'imiinona 
Raid  and    the   priHlnetinn  of  the  infl:imniatory  exu< 
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'  and  that  tbe  esctipo  of  the  lciikocyt<^  paves  th<?  way  for 

the  .subsequent  damitge  to  the  fillcriiiii:  riRiiiliniiie.     If  the 

velocity   of  the   blood   is    still    furllirr   iliniini.-licl,  ihc 

erythrocyte:*,  whieli  posst-ss  a  still  IiI^iIht  ~iii'cilii'  gnivity, 

may  also  drift  to  the  jieriphery,  until  liie  piflphiT.iI  none 

Ldieappearti  altogether,  nnd  the  entire  lumeu  ol  the  hlmid- 

Vvessel  appears  to  b(>  tilled  with  intis.'^e:^  of  densely  pa<.>ketl 

rted  and   white   bloiMl-cvlls.      As  a    result   of  incrwisiHl 

pressure,   red   bliMxt-cells   may  also   escape  or  be  fi>reed 

through  the  walls;  tor  the  erythrocytes  are  ineapiihU- of 

taking  any  active   |«irt   in    tins   nios"eraent.     When  the 

I  process  is  extt-nsivo,  the  resulting  serous  or  cellular  exii- 

t^ate  is  mixed  with  Hmn]  from  the  stai^. 

After  their  eacJipe  through  the  vessei-wiUI  tlic  leukft- 
Icytes  oontiniio  their  aetive  wanderings  in  tho  tissue, 
E  attach  themselves  to  tlie  preformed  clel^  and  openings, 
I  atid  continue  to  tlin)w  out  lung,  protoplasmic  processes 
I  which  always  are  nncleatt'd  and  assume  a  great  vatiety 
I  of  bizarre  tbrms;  by  this  charaeteristic  creeping  move- 
Imetit  they  often  cover  a  considerable  distance  in  a  very  short 
■time  (Plate  30,  Fig.  2).  The  shape  and  arrangement  of 
■  the  processes,  the  button-like  swelling  of  one  extremity, 
f  ami  the  gradual  passage  of  all  the  rest  of  the  eell-boiiy 
which  contains  the  nucleus  sufficiently  indicate  that  the 
process  drwa  not  consist  in  a  simple  carrying-oflT  of  the 
'  cells  by  the  current,  for  the  emigration  of  leukocytes  is 
[  equally  distinct  in  tissues  which  contain  only  a  small 
'  amount  of  Huid. 

Parts  entirely  devoid  i>f  blood-vessels  may  also  become   . 

the  scene  of  this  emigration  of  leukocytes.     The  cornea 

'  has  long  l>eeii  the  accopttHl  structure  for  the  observation 

I  of  this  iihenomonon.     When  tiie  center  of  the  membrane 

inverted  into  an  inflammatory  area  by  the  intnxhiction 

I  of  a  foreign  body,  by  injury,  or  bv  infection,  a  triangular 

'  opacity  rapidly  develops  with  its  tMse  at  the  edge  of  the 

cornea  anil  its  apex  din^cted  toward  the  point  of  irritation. 

In    this   case   the   escapi- <if  leukocytes  takes  place  fn>m 

the    mai^inal    vessels  of  tho  cornea, — i.e.,   the  episcleral 

and  conjunctival  vessels, — and  the  cells  wander  through 
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PLATE                                                 ^1 

Fio.  l.-AccumulaUon  of  Leukocytes  in  Dilated  Veins  I^H 

Phlegmonous  Intlamnutlon o(  the  Skin  iH..uiHL.o<>,h..     <  TO-^^I 

1,  Putty  li».i<i^;  2,  <li'ik~u  u..vi)iiiiilulu>i.  .11'  leiik:».-.vt^;   U,   nuLita  ^^H 

Of  a  Heart  Valve  In  Mycotic  En(locardltlB(lIrn>i.t-tM<jii>.    <  62a.^^H 

1,  Nucki  .>f  flx.^  vonTU'utiviMi^iie  it'll- ;  :i,  iiudci  with  (uwuduftodBq^^^l 
wuniluriiig  luukui-ytuc;  ;l,  ^isi'iiuiu  ol' Eiiiall  rumuiiis  uf  l«uki>c7tB8.   ^^^| 

the  tissue  in  oxactty  tlio  xanie  way  as  iu  ease»  uf  mflan^^l 
mntion  of  vascular  eoniiwtive   tif«iie,  wlieii  they  travi^^H 
aloug  tho  iiiU'rvals  belween  the  vascular  trade,     Th^^^l 

of  avascular  and  iuflaiUDiation   of  vascular   tissues;  tl^^| 
former  behave  exat^tly  like  much  enlarged  iDterspaces  ^^H 
connective  tissue.                                                                 _^^H 
To  wliat  is  this  active  movement  on  the  part  of  tl^^^l 
leukocytes  to  lie  attributed,  and  why  does  it  always  d"i^^| 
tliem    towanl    tho    jKiint  of   irritation?     The    botu^^^^l 
PfeSer   wa^^  the   first   to  show  that  some  of  the  l'>ii^^| 
vegetable  organisms — algie  as  well  as  fission-fun^i— «^^^| 
Bttracte<I   by  oertaiti    chemic   substances,  esjiecially  si^^^H 
stances  capable  of  rurnishiiij;  nutriment  u>  these  lo^^'^^^^H 
forms  of  life.     AVheii  a  eupillar\-  tube  filhd  with  a  ^^^| 
stance  of  this  kind   is  intrnduoed  into  tluida  i-ontainm^^^l 
some  of  these  primitive,  unicellular  plants  endowed  wn^^H 
Bpnnlaneous  movement,  they  ^mdually  enter  the  t^b^^^H 
their  number  l>eing  in  direct  proportion  to  the  attraotH^^H 
power  of  the  fluid.     Pfeffer  called  this  pnw^ess  chfmotaa^^^M 
and    it   has   Ixen    adopted    for    tlie   ex|ilanalion  of  ^^^H 
mifrration  of  leukocytes.     Leljer  and  Buchuer  were  li^^^H 
able  to  demonstrate  that  the  active  substance  is  the  a]l^^^| 

proteins.      Other    deotmi|)o.-^itton-prodncls    of   oi;gati[M^^^| 
matter,  as,  for  example,  alkaline  alliumiMiitcs  from  mus^^^^l 
liver,  liiu^,  or  kidney,  also  exert  a  marked  clu-mota^^^l 
action  on  leukocytes.     Af^er  the  leukocytes  have  ooIlect^^^H 
in   large   numbers   in  the  tissue-space's  or  in  prefiWBt^^H 
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cavities,  tlioir  bodies  return  to  llie  circular  shape  and  tlie 
nuclei  ra^iime  their  original  polymur])hitug  figures. 

The  protoplasmic  bodies  of  leukocytes  are  dividet!  into 
various  t'ornm,  aceording  tu  the  granulations  which  they 
preseut :  (1)  The  so-called  neutrophilt  hiikoci/leit,  the  pro-  ' 
ttipksin  of  which  contains  very  minute  gmnuUsi  that  can 
be  recognized  only  in  the  recent  state.  According  to 
Ehrlich,  they  represent  about  70  per  cent,  of  all  the 
migrating  colorless  lilood-oells;  (2)  the  eottinophile  leuko- 
cyteK,  containing  lai^'  granules  which  take  a  deep  Btuin 
with  tlie  acidanilin  dyt*,  esjtonially  eosin  (Plate  30,  Figs. 
1,  2,  and  3) ;  (3)  bmouhiU  edit  or  mad-ce/h.  Tlie  large 
granules  of  these  cells  take  the  anilin  dyes,  such  as 
methyleue-lihie  and  gentian-violet;  (4)  large  monowiw/car 
teukoL-yten  willi  large  protoplasmic  iMxIiee  and  circular 
nuclei,  containing  an  nbunJance  of  chromatin ;  (5)  lyvi- 
jihoci/ieg,  small  spheric  cells  with  a  narrow  protojtlasm  and 
a  deeply  staining  nucleus,  which  iills  almost  the  entire 
cell  and  in  whicii  the  chromatin  framework  is  recognised 
with  difficulty. 

The  emigrated  leukocytes  are  capable  of  multiplication 
even  after  they  have  escaped  from  the  vessels,  chiefly  hy 
direct  division  of  nucleus  and  cell  (amitosis).  From  the 
latter  process  must  be  di8tinguif.h«l  the  constriction  which 
evidently  explains  the  formation  of  the  complicated  forms 
of  wandering  leukocytes  which  are  often  observed,  and 
in  which  small  particles  of  cell-body,  with  or  without  a 
nucleus,  are  formeil  ;  the  latter  do  not  enlarge  secondarily, 
and  ultimately  disintegrate  and  are  destroyed  (t^orfiwrm'e) 
iMarchand).  After  uunierons  leukocytes  nave  thus 
escaiR'd  from  the  blond-vessels  and  wandered  through  the 
inflammatory  area  they  may  collect  in  such  large  numbers 
as  to  push  aside  the  preformed  constituents  and  form 
accumulations  in  space's  of  their  own  production.  They 
may  have  led  also  to  solution  of  the  tissue  or  nf  the 
fibrin  formed  during  the  inflammatory  process,  evidently 
by  virtue  of  a  fermentative  action  whicli  the_  leukocytw 
exert  on  such  stilistanccs.  A  true  hisfofpsin  takrs  place 
(Luber).      Il   is  prnl,;il,|<.  tliuf    lliU  ;iriin,;  I-  [,n-.il,!,.  only 
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PLATE   j2. 

Flu.  1.— Acute  Purulent  Keratitis  (Ueniut.-wiein.  x  300,]:  | 
Cnmeal  laiuelliu ;  2,  ipipj  in  ihv  i-iiriH-n  with  iiLvmiiululion  iiT  leu) 
cyteii ;  8,  mu«ivo  nivutiiuluLiiiri  uf  li>ukiif_vl«s. 

Pio.  2— The  Preceding  Figure  in  Detail  {  •.  B'Juj ; 
nwllve-iinBUB  til-crv  ..ftlic  I'urtu'ii;  1',  IfukoojUia  ;  3,  granuliir  dutrid 
in  aruHH  <>f  Hiifti'iiini;. 

'Ill  lU-iiio  tlial  li:is  |in'vi(iii>h-  imdtrgonu  iKvrosi%  and  t 
mtTiisi^  may  liiivi-  Ih'i'Ii  (imilutifil  jtriinarily  by  emboliiij 
or  l.y  tliL-  il.-iisr!y  [la.-kwl  Iciiktwyti-s  tliemselvt'S,  bj^  a  » 
of  sii|ii(v-in-iili(in  of  llie  tissue  This  tV'rmciit  evidenl 
lia^  a  ix'ploiiiziiig  action  on  the  ulbuiuin  nf  t!ie  tiasue,  i 
the  i[itr<j(]<iini<>ii  of  living  and  entiruly  storik'  lpuko4, 
into  a  ti?.st-liil>e  is  followed  by  liquefaction  of  the  golatilr 
or  of  coa}i;iilatcHl  bjond-scmni.  Tne  histolysis  is  certainly 
not  due  [allogelluT — Ed.]  to  the  micro-organisms  thai 
often  are  prusi'iit,  l!ir  it  hiKes  place  also  when  bacteria — 
e  ff.,  stn-ptoeocci — do  not  exert  the  faintest  peptonisting 
action  on  coagiilatetl  albuminous  nntrient  nie<lia.  By 
virtue  of  this  liifttolysis  the  closely  paekcd  leukocytes 
colleot  in  large  tissue  clefte  and  uavil.ies  and  an  altsoesajj 
formed  ( Plate  G,  Fig.  2). 

The  suppurative  process  may  be  super6cial  i^uppuratio 
taking  place,  lor  example,  on  the  free  surface  of  Kc^rous^ 
iDU»ius  memhranea.  In  the  latter  case  it  leadf  to  t 
called  puruUnt  ontnrrh  (Plate  .33,  Fig.  2).  In  this  codI^ 
tioM  the  vessels  in  the  mucosa  and  submucosaaredistcm 
U)  their  fullest  limit  and  contain  an  abundance  of  Iciittj 
oytea,  which  (scape  (bnnigli  the  vcsscl-wnllB  in  larg 
numbers  and  traverse  the  entire  thickness  of  the  mncc 
luembmne.  Where  the  cpitln'liiini  i-;  ('ompos('d  of  sevei 
layers,  the  latter  ari'  Ii .n.;r'n.>. |  aud  the  lines  of  eeineni 
snlwtaiice  broaden  ■>»(.  'rim.iiirii  liir  latter  (ho  leiik.N 
esca])e  and  appear  on  tlio  siirfuce  of  the  membrane  a 
with  dcsquamute<l  and  usually  necrotic  epithelial  < 
When  the  epithelium  is  cylindric  and  consists  of  one  layj 
only,  it  usually  separates  and  is  east  iifT  in  large  mat 

lore  or  less  coherent.     This  may  Ije  accompanied 
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\>y  iiicreasfd  proiiiictii m  of  min'im  ami  lln'  torTii;iti(ni  of 
iiinumcniblc  goblft-cells.     Necrotic  epithelium,  free  lui 
of  mucuH,  and  desqimnialed  goblei-eells  mixed  with 
merotis  bloiKl-curpuseleri  make  up  the  purulent  catarri 
aFcrdion, 

The  ultimate  fate  (if  the  leukwvtefi  after  they  have' 
esesipeil  from  blood-vessels  and  eiille<-tcd  in  the  tisBlie  ia 
extremely  variable.  In  ea^es  of  supcrlieial  ^uppiirationj 
tiiey  are  eimply  cast  off,  or,  in  the  Lyte  of  suppuration  on. 
serous  membranes,  diM^har^eil  into  tlie  tierous  eaviticfl,.' 
where  they  «uise  an  ever-inercasing  turbidity  of  the  ^sprum 
until  the  oxiidiile  be(i>nn's  entirely  purulent  and  forms  a 
so-called  empiieiaa.  Knipyeniu,  like  (lie  niii.-.se.s  of  leulco- 
cytes  that  collect  in  alisiTs— i-:i\iti('>,  i.-i  tyipabie  of  s|wm- 
taneous  absorption  after  the  luieronirganisnis  whieJi  eaused  J 
the  suppuralion  die  or  are  destroyed  by  the  phugocyti 
aetion  of  the  leukoeytes.  The  bodiea  of  the  pu» 
puscles  at  the  same  time  undergo  falty  degenemtion 
their  nnclei  break  np  into  smidler  and  finally  infinitely 
minute,  dnst-tike  particles,  Jis  In  the  case  nf  karj-orrhexig. 
In  thifi  way  large  culleetions  of  pus  may  he  c<mverte<l  into 
a  milky  emulsion,  which  is  eap^dilc  nf  brins:  !ib,-;iirbi.d 
through  the  U-mph-vcssels;  a  r.|ioril;inc.>ii<  i  nrc  i-  riVfrlcd, 
an<l  the  remainine  defeel  ly  tillnl  hy  ;:r:Linihiliiiii-li-^ue 
whieh  fWpiently  is  oonvertpd  hit' r  irjln  -car-ti— ^lii.  Indi- 
vidual lc'ukiK:yt«s  in  the  lissne  with  other  jinKhieta  of 
inflammation  of  their  own  accord  may  later  travel  bads 
into  the  lymph-ehannels  and  be  deposited  in  the  sinuses 
of  the  lymph^liinds,  or  they  may  at  last  find  their  way- 
back  by  devious  paths  to  the  eircnlation  and  do  duty  again' 
as  leukocytes  circulating  in  the  blood-stream. 


EXUDATION. 

Before  the  escape  of  the  white  bloiHl-eeIN  an  albununoua 
fluid  in  most  eases  filters  into  the  infianieil  area.  The 
fluid  in  the  tissues  is  increased  in  quantity,  and  tiiequality 
alsii  differs  greatly    from   that  of  normal    fluid  ;    for  sn 

Qammatory  exudate  is  distinguished   liy  its  hij  ' 
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^H                                                PLATE  }^                                            ^H 
^^P         Fio.  1.—" Parenchymatous  [ntlammatlon  of  the  Llver;'^^H 
^^H     Cloudy  Swelling.  Oxalic-acid  Poisoning  <  Ui-Tiiul.-cobiu,    -  280.y^^^| 

^H       1,  Central  vein;    L',   a.'Miuami.l.'.l    Inrr-oi'll^  lliaL   l.i.ve    bti-ii   wit>h<9^^^| 
^^P      illU>  the  central  vdi. )  d,  .iwulkni   II v.^r-ot-ll.  wll.)i  H'vtrul   nuclei ;  ^^^| 
^^H       budding  of  the  nuvli'i  of  livt-TH'i-lL.                                                                  ^^^H 

^^1          Flo.  2- —Purulent -Catarrh  In  a  Small  Bronchus  (Ueiiiat.^^H 
^^1      euein.      x  2H0.  |:  1,   MumuIht  layer  of  the  blvnchixl   MiJt;  :i,  d»^^H 

^^H     oentagp  of  albumin,  which   is  aininsi  eqiiul   to  that  ol^^^H 
^^1     blood-Bcnim.     It  hits  beeu  said  timt  ihe&e  qualitative  an^^^^T 
^^M    quantitative  chuuge^i  are  to  Ih'  attributed  to  a  primary 
^H     change  ill  tlic  filtering  membrane,  and  tliis  leads  us  to  the 
^^^     view  that  tht'  first  choagee  jiriHluixtl  by  the  agent  that  i^^^ 
^^1     reHpousible  for  the  inflammation  is  an' injurious  effect  0|^^H 
^B     tlie  vessel-wall.      The  fluid  exudate  infiltrates  the  bu^^H 
^^H     rounding  ti^ue,  and,  in  ol>cdieuce  to  physieul  laws,  acot^^^^l 
^H     mulates  chiefly  in  dependent  ptjrtions.     In  tlie  case  d^^| 
^H     connective  tissue  the  meshea  and  ek-fts  are.  forced  fl^l^^^| 
^^H     and  an  inflammainry  edema  i,s  proihieetl,  which  is  distti^^^^l 
^^B     guished  (rvim  pai^'-ivr  cdima  by  the  greater  |>erccntage(n^^^H 
^^M     albumin  in  tlio  fluid  uikI  by  ihe  speedy  appearance  in  ^^^^| 
^H     of  emiirmted  v.\nu-  bl.M.,!-vrV~vls.                                        l^^l 
^M          The'be^t  wny  1..  a,'i»uiiMnite  the  abundance  of  albumtl^^H 
^^1      nus  substaneert  under  the  microscope  is  to  dip  the  section^^^H 
^^M     tu  be  examined  into  l>oiling  water  a  short  time  before  theJ^^^H 
^^m      are  hardened  «r  cut  into  actions  with  the  freezing  mlcro^^^H 
^H      tome.     In  this  wnv  llie  inflinnmator)-  exudate  is  fixed  i^^^l 
^H      Bitu—e.  g.,  in  llir  kidii.yv.  ^vitl>i[1  tlie  eamulc  of  Bownm^^H 
^H      in  the  nrinifeniii-^  iiil>iil<-.  <ir  in   the  lungs,  within  ^^^^| 
^H      alveolar  spaces  surrounding  the  inflammatory  foci.           ^^^| 
^H          On  the  external  <«kin  and  in  mucous  membriuies  n  marke^^^l 
^H      infiltration   of   the    individual    layers  alw    lakes  P^Btiq^^H 
^H     Sometimes  tbe  epithelial  cells  are  swollen  and  filled  wi^^^H 
^H      dr(>{is  of  exudate  which   crowd  the  nucleus  against  t^^^^| 
^H      oell-biKly.     A  mure  common  effect  in  tlie  ease  of  skin  <^^^| 

^^       tbelium  is  a  solution  of  i-oniinuity,  with  the  fonuatioi^^^H 

7hi..l.). 
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belwwn  the  layers,  of  lai^-,  cy-stic  favitica  filleii  with 
exudate,  terminating  in  tlie  fbi-mation  of  ii  single  blister 
or  of  R  nmltilocular  cavity  dividt-d  by  numerous  septa  in 
the  fiirm  of  a  fan.  Ou  the  extornal  i«kin  the  vesicle  fomiB 
usually  between  the  s<.>-calletl  stratum  granuloi^um  and 
stratum  spinosum — /,  p.,  the  stniluni  wirncum  with  the 
stratum  Uicidum,  and  the  uppermost  layer  of  epithelial 
cells,  whii^h  siill  atiitains  nuclei  and  in  which  the  kemto- 
hyaline  grannies  are  deposited,  form  the  roof,  and  the  rete 
Malpighii  the  floor,  of  the  vesicle.  Sometimes,  when  the 
exuaate  accumulates  slowly,  us,  for  example,  in  the  case 
of  a  small-imx  pustule,  the  upper  layer  is  not  liftetl  off 
suddenly  as  a  whole,  but  fluid  awnmulutes  gradually  at 
the  point  of  least  resistance,  and  several  smaller  vesicles 
are  fi)rmed  close  together,  but  divided  by  long-drawn-out 
epithelial  cells  that  have  escaped  destruction.  The  fluid 
contained  in  tiie  vesioles  docs  not  retain  its  serous  character 
vety  long;  almost  as  soon  as  it  begins  to  accumulate 
leukocytes  enter  the  cavity,  )>assing  through  the  cement^ 
substance  between  the  deeper  layersof  the  stratum  mucosum 
in  large  masses.  The  contents  of  the  vesicle  gradually  be- 
come more  and  more  turbid,  and  finally,  just  before  the 
vesicle  ruptures  externally,  are  converted  into  pure  pus. 
If  the  pnmary  injury  to  the  vascular  w^ill  has  lM?en  in- 
tense, red  blood-cells  pass  through  with  the  leukocytes  and 
also  enter  the  cavilies.  so  that  the  contents  of  the  latter 
become  d.irk  and  hemorrhagic  (black  small-pox)  (compare 
Alias  of  Hiiennl  Pathohfjk  Kistoloffy,  Vol.  II.,  Plate 
115).  In  mucous  membranes  that  are  devoid  of  the 
stratum  corneum  the  up])er  layer  of  the  epithelium,  of 
course,  doas  not  offer  the  same  continued  resislaiice  to  the 
culiei^tion  of  fluid;  hence  in  the  case  of  variolous  pustules 
on  the  mucous  membranes  of  the  mouth  and  pharynx,  for 
example,  rupture  takes  place  early  and  an  open  nicer 
results. 

In  the  case  of  the  kidneys,  the  accumulation  nf  serous 
exudate,  particularly  after  it  has  been  fixed  in  the  manner 
described,  is   most  successfully  demonstrated  within  the 
meruli.     As  a  rule,  the  exudation  is  : 


I 

I 

I 


i  174 


RICl-AHA  riVE  PHOClCfiSKS. 


the  glonicrtilar  u>ils;  the  mis  arc  fount)  in  the  capsular  I 
Bpoce  pressed  ogaiimt  itis  walls  and  often  exhibit  signs  of  | 
petpogresaive  metain<»rphoses,<>six;cially  fatty  dt^euuration.  | 
In  oilier  portions  of  the  kidney  the  vessels  may  p«iur  out  | 
itiflammatoty  exudate  and  eause  pronounced  inflaniiuatory, 
edenmtous  awelline  of  iJie  psirenchynia.  The  inlervaJR 
between  the  urinifennis  tiibuleis  widen  out  and  euntain  ' 
everywliere  an  albuminous  fluid  whieh  is  mure  or  leas  j 
turbid  from  the  presence  of  leukocytes. 

I       When  the  inflamnmtory  area  is  immediately  cimtiguous 
to  pn'Ibrniitl  IxHly  ca\'itiee,  the  inflammatory  exudate  is, 
of  eourse,  iMiiiri'd  out  into  the  (avitJew,  a«d  we  often  find 
large  aM-umulations  of  inflammatory,  serous  fluid  in  the 
pericardium,  pleum,  peritoneum,  et«. 
As  the  fluid,  which  is  strongly  albuminous,  contains  an  \ 
abundance  of  fibrinogen,  it  harbors  within  it  the  possi- 
bilities for  the  formation  of  fibrin-clots  as  soon  as  it  comes  I 
in  contact  with   a  fibrin- ferment.     This,  in   fact,  oocurs  I 
early,  often,  indeiil,  Ix-fore  the  blood  has  left  the  vesseljt.  [ 
In  any  p<iPtion  of  the  inflammatory  area  fibrin-clots  may  j 
develop  in  the  vessels,  which  are  distended  to  their  utmost.  ( 
At  first  they  appear  in  the  form  of  small,  closely  packed,   l 
stellate   stmelnres,   or  o()nsi9t   of   a   bundle   of   threads  ] 
radiating  in  all  directions  (TOmpare  Plate  4,  Fig,  1).    The  j 
threads  and  small  trabeenlffi  are  seen  to  converge  distinctly  ' 
toward   certain    points,  wliich    usually   represent   leuko-  I 
cytes  or  the  remnins  of  leukocytes,  blood-platelets,  or  des-  1 
quamated  endothelial  cells — in  ^lort,  some  disintegration  ( 
pn)dui'I  of  cellular  material  (coagvfation  cmirre  of  Haaeer).    i 
^^    In  addition,  these  clots  may  be  formed  outside  of  the  j 
^K  cells,  in  the  connective-tissue  clefls  or  between  the  oella  J 
^H  of  the  tissues  surrounding  the  blood-vessels.     The  fibrils,  i 
^^K  tntbcculie,  and  bundles  of  fibrin  project  out  in  all  direc-  | 
^^M  tions  like  crystals,  and  subsequently  collect  to  form  B  f 
^H    dense   network   or  sssnme  a  stratified   arrangement ;   in 
^V    these  stractnres,  also,  especially  dunnt;  the  initial  stages, 
^      coaffii  I  at  ion-centers  with  radiating  fil«TS  may  be  demon- 
et rated ;  Iittvr  on,  as  the  excretion  of  fibrin  becomes  more 
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copioue<,  this  atmngemunt,  of  course,  i1i.sa|ipL'ar)i,  and  the  J 
fihrilij   cohere  to   fbim   thicker,  horaogeneiiua  tmbecuhe. 
At  this  stage  a  niure  pronounced  emigration  of  leukocytes 

snally   takes   plact;   for   the   fibrin   naturally  oxen's  a  I 
loarkeil  clicmobictic  iittra<^lion  ant!  presenta  a  goml  pabu- 
lum for  the  leukocytes,  whiph  enter  the  meshes  ana  oon- 
tiuat!  to  advanre  between  tlic  6brils  and  trabeculffi,  throw-  1 
ing  out  the  clinnicleristic  pseudopods.     Very  frequently  J 
the  tissue  whicli  is  llie  seat  of  the  exudate  uiiilei^tes  more  1 
[  or  less  extensive  necmsis.     The  cells  and  nuclei  perish,  I 
L  the  chromittin  exbibittug  the  usual  rearrangements.     Thi« 
[  Bguin  liberates  ki^'  quantities  of  tibrin-ferment,  which 
[  causes  an  increase  of  the  fibrinous  exndate  and  inseparably 
I  unites  the  newly  formed  fibrin-masses  with  the  reticular 
'  structures  already  formed,     Thick,  l>eam-like  and  knotted 
I  fibrinous  clots  are  thus  produced,  and  give  the  iinpreAsion  | 
I  of  a  metamorphosis  of  the  tissue  itself  into  fibrin.    This, 
I  however,  is  not  the  case ;  the  coagulation  progresses  pan 
/xiwH  with  the  necrosis;  the  pn>ducts  ot  the  latter  are 
not  obserN'cd,  but  the  necrotic  cells  are  at  once  replaced 
by   fresh   dc(>osit8  of  fibrin,  so   that   the   nuclei,  which 
Usually  exhibit  parietal  hyperchromatosis and  other  karvor- 
rheotic  figures,  are  closely  imprisoned  in  the  spaces  of  the  ' 
network  of  fibrin.     The  masses  of  fibrin,  which  at  first"  J 
are  precipitjited  in  the  fi)rm  of  delicntc  threads,  cohere 
and  form  thick,  homogeneous  masses,  so-called  hyaline  or  \ 
malhed  fibrin  (sve  Plate  1(J,  Fig.  2).     As  this  procesa  i^ 
of  fibrin-formation  is  observed  also  in  dying  connective  . 
tissue,  it  has  suggeated  the  view  that  connective  tissue 
may  be  directly  converted  into  fibrin,  a  process  which  has 
been  described  by  von  Buhl  as  the  formation  of  "desmoid 
fibrin,"  and  by  Wagner  as  "fibrinous  metamorphosis 
the  connective  tissue."     Even  at  the  present  time  st 
authorities  (E.  Neumann,  Bjuimgarten)  adhere  to  the  pos- 
sibility of  a  so-ealled  "  fibrinoid  degeneration  of  connective 
tissue." 

The  epithelium  of  the  serous  membranes  is  usually  in  a 
fiiifly  good  atate  of  pregervation  during  the  first;  stage*  of  j 
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PLATE  54- 


1 


P'lij.  1  —  Innammation  of  the  Omentum  in  the  Guinea-pig, 
Three  Days  After  the  Injection  of  Lycopodlum  tiranules  In 
Suspenaion   (Hi'juni.-L-wiii.      .    <:-l!>.):   1,   !,ytn|n>iiiiiiii  gnimiU-s  in* 
tniMvenv  dvoUoii ;  1 ',  thu  tamv,  uwn  fnitii  ntiovc ;  2,  I'lilni^^d  cunntwh  ■ 
IvistiMue  utfllo,  flbmbliute ;  H,  fibruliliwU  in  luntoot  wilb  (h«  /unU 
budica ;  3',  Diultinucltnr  HbrubliuU  witb  lui^  pruUiitliuuiic  bu^iei  j1 
nuclear  proli rem tio II  in  tibrublneta  ;  5,  leukucytra. 

Pia.  2,— Recent  Punilofibrinou*  Pleuritls  (Carmiij ; 
fibrin  alaiii.      .   280.):  1,  Pkurul   epithelium;  2,  pleural 
li»ue :  3,  ulveolsr  ejiitlmlium  ;  4,  bl()cid-vu«i-lH  witli  pnilifeintnl  «a^ 
Ihaliuro;   fi,  Bbrin  in  Ihe  m&rginiil  ttlveuli ;   H,  deposit  i.f  tlbriiM^ 
exudate )  T,  displaced  epitholiul  veWa  wltliin  Uic  Ubria ;  8,  bukoc 

swelling  and  loosening  of  the  intercelluLir  cement  i 
stance  ;  here  and  there  a  few  oclln  are  oast  off  and  defects 
appear.  The  cells  m  pliices  appear  to  overlap  one  another. 
The  subjacent  conaective  tissue  is  loosened  ;  the  til)ers  are 
forced  apart  by  the  serous  exudate ;  the  blood- veis^l it  8Fj 
intensely  injected  ;  the  endothelial  cells  are  swollen,  i 
show  a  remarkable  tendency  to  projeiit  into  the  lumen- 
sometimes  they  may  even  present  mitotic  fignn-s.  Thi 
peripheral  drift  of  the  leukocytes  within  the  blood-ves 
is  quite  marked,  and  later  a  considerable  emignilion  taki 
place.  Red  btmid-eells  also  escajte  and  are  found  fVee  il 
the  snrroundinfT  meshwork  ;  the  lymph  clefVs  are  likew' 
widened,  and  the  celln  whivh  form  tlieir  lining  e 
It  is  at  this  ]M)int  that  Ihe  first  stellate  masses  of  fibi 
are  forme<l  in  the  blood-  and  lymph-vessels.  Leukocyt 
wander  about  between  the  connective-tissue  fillets  i 
through  the  clefl«  between  tlie  elastic  filwrsasfara 
mediately  beneath  the  epithelium,  or  even  make  their  v 
tlirough  oi)oiiing9  Iwtween  the  cells  and  reach  the  surf 
Tlie  first  formation  of  fibrin  can  nsually  be  traced  aboi| 
the  epithelial  cells.  A  coherent  layer  of  fibrin,  at  f  ^ 
rather  thin  and  fibrillar,  evidently  consisting  of  individlj 
granules,  makes  its  appearance  and  covers  a  consadei 
area  of  the  membrane.  In  addition,  however,  delicfl, 
y>.-ir(idi'.-  •>(  (ibrin  may  creep  up  underneath  the  soroewhj 
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\iM»i;nvi\  ('[litlii-liiini  o 
oells;  soQKiiiiiie^,  indi't 
ill  the  form  ol'  trabeci 
(liately  aUive  tlie  wtimocti' 


lulei-    Ihi-   itulh'idunl   .'pilli.'li 
J  extensive  muss  of  tlnck  fibriD 
ur  clumps  acctimiiliitrs  tnnDer 
\c  tiswue  and  causes  looseuiuL 
of  coherent  or  jwrtiully  ovprlappiiig  layers  of  epitlidi^ 
cells,  a  fiiet   that  <-vidently  is   rffii)on.sil)le  for  ttie  view 
that   cuniiccdve   tissue   may  l>e   directly  converted   into 
fibrin.     I^ater  the  masses  of  tihrtn  undergo  a  considerable 
increase,  and  in  this  tendency  tti  (una  shapeless  masses  of 
hyaline  tt^beeiiltc  is  itie  niori'  nmrked  when  the  exudate 
is  not  turbid  from  tlie  admixture  of  loukoeytes;  whili 
the  case  of  puruhifibrinous  deposits,   the  fibrin  iisualt] 
persistti  for  some  time  in  the  form  of  very  dulieate,  pamil 
fibrils  or  of  a  clo,se-meshe<l  network,  in  the  interstices 
which  the  lonkocytes  accumulate. 

Tho  I'piiliulium  also  undergoes  degeneration,  although  M 
til's!  priilil'i'mtive  phenomena  miiv lie  observed  for  a  timfi 
and  mitiitic  (igures  may  occur,  followed  by  rell-di 
but  as  the  pnicess  continues,  the  cells  are  hiosened  froi 
their, cwnnectioiis,  fat-droplets  make  their  aitpearance  ii 
the  cells,  and  the  nuclei,  after  forming  karyorrhectil 
figures,  also  fall  a  prey  to  progressive  dissohition.  In-' 
dividual  epithelial  colls  are  always  wrenched  loose  by  the 
fibrin-threads,  and  may  W  forced  a  considerable  distance 
outward ;  they  can  lie  distinctly  recognized  some  time 
later  by  their  cellular  and  nuclear  forms.  "After  the 
^ithetinm  has  disappeared,  the  fibrin,  of  course,  lies 
directly  upon  the  connective  tissue-  The  hitter  may 
itself  liecoine  the  seat  of  fibrinous  exudation,  with  the 
formation  of  small  networks  in  the  tissue  clefts;  later, 
as  parts  of  the  connective  tissue  nndergo  mortification, 
they  may  l>e  replawd  by  newly  formed  fibrin,  fo  that  »t 
certain  stages  of  the  prtK-etw  it  is  exceedingly  difficult 
to  distinguish  the  primary  exudation  fibrin  from  that 
wliich  is  formed  secondarily  in  place  of  lost  tissue.  But 
even  under  these  circumstances  the  tlieorv  of  direct  metSr 
morphnsis  of  connective  tissue  into  fibrin  is  not  tenable. 

As  everywhere   els-e   in  the  body,  ?v>  also  is  primary 
fibrinous  exudation,  ihi.'  (ibriii  ri'pn^L'Ots  only  a  lompopi] 
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PLATE  J!. 
FlQ,    I.— Diphtheria  of   the  Uvula  iCanntn;   Weigerl'i 

sUun.  <■  40. ):  1,  Surviving  equuiiiuuBvpithvlium;  '2,  Bbria  dope 
8,  Qbtin  within  in'cmlii-  liituc ;  4.  nwrvlic  luperllciul  epithelium,  j 
Fid.  2.— A  Fart  of  the  Above  ( >  XiKi,  | :  I ,  Swullfn  K{]itlieliiiiti| 
tsyt^c  (uivitiefi  ill  tilt'  t7|iiilii'liuiii  ;  S,  \e\^ixyUx  ;  4,  Itbriii ;  6,  uaT 
of  vanished  epitheliul  •.•vWii  in  thi-  Uliriti, 

PLATE  j6. 
FiQ.  l.~Croupous  PnuemonU,   Qniy  HepatlzaUon  fAIoj 

euchineal ;  Weigert's   tlbriu  mid   i-lHf  lin  tliiin.      .  2S0  j 

BOpla  with  elustii-  Bk-re  ;  2,  inliltiiitwl  pi-rivawulur  finiiiii 

a,   iiitni-ulve.Our   Bbrid ;   4,    iiuni-ulvi-iilur    BliriN-hridgM   Iravenld 

Ki.hu 'a  fttigiiiala. 

Flu.  1'.— Fibrinous  Pericarditis  In  an  Advanced  Stat«  of'i 
Organization   iPicruuuruiiii.       x    67.):    1.    Kpk-urdinI    r-<miiix'[ive 
lifsui'i  2,  joung  gruiiulatiiin  tissue;  8,  newly  fumii-d  bl'H)d-v<»MU; 
4,  ifloiidfl  of  hjuliiie  flbrin,   completely  furroundeil  bj  graiiuliilioii 
tiseui? ;  6,  filiroblnsto  bolwiion  the  trnbevutv  of  Hbrin. 

formatlnn   anil   mtiet   lie   reniovwl   agala  in  une 
nnother;  usually  its  reriidval  is  cffwled  bv  ilisinl 
of  tlie  fibrin-tlireade  and   tlioir  citnvtTisuiii  into 
able,  minute  ftiMlriipk'tii  Kiisjitindu!  in  u  milky 
susceptible  oF  iibsorixidn. 

Thirt  iirtK'css  i><  ni'wt  exterisivif  in  minpous  pnetitnnni 
tlie  rliL-i-ir   example  of  Hbrliiuu^  inflamirmlion.      In   tblfl 
i^iiKtilioii,  also,  (be  fibrin  is  fiirnie<l  bv  iiiiignlaliun  IViim 
iiriginally  fluid  me<]inin — tbt;  iiiflaniiuatun'  edema.      \i 
tlie  early  stiiges  the  appmnince  of  ccMigaliilion-ctiiterB. 
the  site?  nf  tlic  alvwlar   epltliclial    eAls,  which   die 
large  tninihpn<,  <'jin  be  most  distinctly  ree(^ni)!;«l,  sei  ^^ 
ing  out  pcdnnciilnled  bundles  of  fibers  iuto  the  alveol" 
hinien.       (See    Al/rig    nf    Spemil    Palholoffic    Histology, 
Vol.    I.,   PluU'   S6,  Fig.  3.)     At   the   same   time   large 
niimbfra  of  lenkDcytea  invade  the  oiagnlnting  fluid  ai 
nrc  ranj^hl  in  tbc  dose-meshed  network.     The  cavities 
the  lung  l>wonie  pmcticidly  filled  with  the  exudate, 
completely  than  in  any  other  condition  except  after  oai 
artiRchi]  iiijcelion,  and,  aei-onliiigly,  ihe  delicate  stigma-lil 
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miitctions  between  the  imliviilual  alveoli  are  traversed  by 
Mn-threads  (Kohn's  stijjiiimlii,  Plate  36,  Fig.  I).  In 
)&cen  the  fibriu-tiireads  iiiiiy  colieot  to  form  tliick  Iralwo- 
Later,  during  the  etuj^  of  resolution,  the  fibrin, 
"and  along  with  it  the  impridoiiwl  eel  Is,  breaks  down  intii  a. 
turbid,  vijicous  mass,  anti  in  this  way  a  largt-  quantity  of 
exudate  may  be  removed  by  abaori^lioit  and  ex|ieeloraiion. 
—The  quantity  of  exudate  may  be  one  kilogram  or  more; 
uie-half  of  the  miL^s  probably  consists  of  fibrin,  while 
Ifie  other  half  consists  of  iiceuniuluted  leukocytes,  most 
If  which  have  been  formed  during  tlie  disease. 
But  the  fibrinous  inflaniuiatory  exudate  is  not  necessarily 
ed  !iy  simple  absorption  in  every  case;  as  we  have 
?en  in  t)ie  htsiliny  of  wounds,  the  exudafe  map  represent 
e  /ifreraniitT  of  a  new/;/  /orvied  connective  tissue — the 
IbrinoUH  exudate  may  undei^  or^nizaiion.  In  the  cuse 
T  iuflammation  of  serous  membranes  this  ]irooess  jirac- 
y  ahvays  occurs,  at  least  to  a  certain  extent,  Suon- 
Vieout)  absorption  [aulolvsis. — Ed.]  of  fibrinous  exudates 
1  the  pleura,  periumeum,  or  the  pericardium,  without 
lirther  ehanges  of  any  kind,  is  a  great  rarity.  After  the 
|)ithelium  of  the  serous  niernbniiie  has  perished,  young 
minal  tissue  gniws  into  the  fibrin  from  the  subjacent 
innective  tissue,  and  eauses  its  disa|ipcaruuce  by  active 
_  jcytosis,  while  it  is  probable  that  rcsorptiou  of  broken- 
Bwn  fibrin  ;)!«)  goes  on  at  the  same  time.  The  germinal 
Nue  consists  of  embryonal  connective-tissue  cells  formed 
f  mitosis  (fibroblasts),  raixetl  with  small  round-cells 
jolyblasts,  Maximow)  and  a  variable  number  of  leuko- 
grtes,  and  is  traversed  by  endothelial  buds  which  grow 
pit  at  the  same  time.  A»  in  the  pn-existing  connective 
le,  some  of  the  cells  that  have  perished,  as  we  have 
ien,  are  replactsi  by  fibrin,  and  the  invasion  of  the  fibrin 
teposit  by  gmnulatlon-tissuc  does  not  take  place  every- 
Irhere  at  the  same  time ;  there  results,  at  a  certain  stage 
"  the  process,  a  very  intimate  spaliid  commingling  of 
Eoliferating  tissue  and  fibrin.  During  the  sulisequent 
Kvelopment  of  the  gran nlation-t issue  and  the  production 
^,  fibrous    ti,ssuc  by  librobIa.--ts,  which  take  place.' 
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single,  isolated  fibrin  I'lumps  may  bo  cimipletcly  iniprimued 
in  places,  aud  sncit  iMljind?!  of  lilmii  may  bi-  hratlcrwl  hero 
ami  there  in  the  granulation  tissue,  s»i  that  tlie  twiliiologic 
picture,  unless  the  itrigin  of  the  fibrin  i.s  wirdnlly  kept  in 
view,  is  apt  to  lead  the  observer  to  assume  a  metamor- 
phosis of  connective  tissue  into  fibrin.  The  imprisoned 
particles  of  fibrin  gradually  coalesce  to  form  homogeneous, 
glistening  trabecule,  which  represent  the  so-called  hyaline 
fibrin,  and  the  remains  of  which  may  be  met  during  the 
later  stages  when  all  the  surrounding  apace  is  occn)>ied  bv 
fully  formed  fibrous  tissue  (Plate  3(i,  Fig.  2).  Ultinialely 
this  form  of  orgautzation  always  rcsulls  in  the  tormation 
of  a  con  n(.'(nivc'-t issue  smr.  When  the  process  attacks 
op|)osite  areas  of  serous  membranes,  it,  of  ctmrsc,  results 
in  adhesions,  which  may  l>e  extensive  and  occupy  »  I: 
portion  of  the  serous  surface,  or  circumscribed,  like  t 
spun  of  a  bridg<'  (synt-chiw).  Connective-tissue  thicket 
ing  of  the  hiycrs  of  the  serous  memlirane  may  attain  I 
high  degree.  In  the  case  uf  the  lung,  when  jxirtions  ii 
mediately  below  the  pleura  take  part  in  the  jirocess,  ' 
duration  of  the  lung  may  n-sull. 

The  fibrinous  exudate  which  fills  the  lungs  in  cmupota 
pneumonia  is  not  completely  climinateii   in  every  < 
The   exuciate   may  be   replaced  by  ingrowing  mnneotivi 
tissue,  starting  in  the  pcrivaseulurand  ))cribronehial  tisatt 
and  growing  along  the  fibrin-threads   from   alveolus  tol 
alveolus  like  a  running  vine.     The  alveiili  are  thus  prej 
vented  frtmi  collapsing,  and  their  walls,  after  losing  thl 
epithelial  lining,  (use  with  the  invading  connective  tisi 
resulting  in  permanent  distenlion  and  solidification  of  t 
corresponding  i^irtion  of  the  lung,  which  give  it  s 
consistence    (chronic,   fibrous    pneumonia;    mrnificatim 
[Recently   it   has   been   shown   that   most   cells 
digestive   ferments  which,  on  the  death  of  the  cells  t 
tissue,  may  cause  spontaneous   solution  of  the   latter 
iniloh/sig.     Autolysis  is  rej|nnleil  as  playing  an  ini|)ort 
rCile  in  the  res<iltition  of  pneumonic  and  other  exudate 
the  ferment  being  furnished  principally  by  leukocytes..^ 
Ep.]. 
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A  pathologic  picture  similar  in  every  respect  is  observer 
ill  articular  i^vitics  after  tiie  formation  of  iibrinoun  exu- 
date.    The  infiltration  of  the  ainnective  tissue  with  fibrin 
is  usually  complete  ami  intimate,  and  after  the  fibrin  has 
become  organized,  llie  newly  formed  connective  tissue  may 
secondarily  undergo  a  hyaline  change.     In  this  way  tl 
so-ciilleil   "rirr   bodies"  are   lornud.  which   at  first 
united  to  the  thickened  synovial  membrane,  hut  later 
liberated  by  the  movemcnirt  "!'  ihc  |i!trt. 

Fibrinous  inflammation  <>|'  nnu'iiu-  tiiriiihnuu's  associii 
withneerosisoftlie  tissue  is  dc-iMrp^ni.l  diphtheria.   Sim 
it  has  been  learned  that  thciliphthi'rii-  iiiHiinnnation  whii 
occurs  80  often  in  the  fonn  of  an  itdixnious  disease,  p 
ticularly  in  children,  and  attticks  the  pharynx  and  njtpt 
respinilory  jmswages,  is  caulked  by  a  sitecific  micro-orKsnisiOi 
it  wonhl  jHThajis  lie  lieUev  to  n-'i-rvo  tlii>  liTin.-  diplilhiTia 
and  diphllieric  inflinni.]ali..n  (.iipl.ili- nti>)  r.v.-I.iHvelv  lor 
the  proeessi-9  canse.!  hy  Lollh t- .li|.lilhiru   l.arillii.;  and 
to  call  the  infl(imniation,s  .if  itir  niin'ous  riiriiiln-jiiic  Hliich,j 
occur  elsewhere  in  the  liody  and  are  uttended  by  exactlj 
the  same  anatomic  changes  "  diphthcnml "  or  neerutiziii 
iRflammation  of  mncons  mcmbnines.      For  it  is  kno' 
that  the  diphtheria  baiilln-  i^  by  no  means  the  only  can 
nf  this  proces.«,  witirli  tiiiiv  lie  due  to  other  bacteria  (stre] 
tococoic,  ^t-iilioidal.  ily-ciitinc  infections),  as  well  us 
any  one  of  a  nuuibci'  of  chemic  agents  (i»rrosive  wiW 
Umate,  ammonia,  cantharides,  mineral  acids),  to  bums  and 
exposure  to  severe  cold,  and  finally  to  ischemia  or  infarc- 
tion.    The  common  feature  of  all  these  pnwcsses,  which 
differ  greatly  among  themselves,  is  the  primary  occurrence 
of  necrosis  of  tissue,  which  in  one  case  is  broujrht  about 
by  the  toxic  metabolic  products  of  the  diphtheria  bacillus ; 
in  other  eases,  for  ejcample  in  uremia,  by  the  ammonia 
excreted  in  the  intestinal  mucous  membrane,  or,  for  ex- 
ample, in  embolism  of  a  mesenteric  artery,  by  ischemia. 
The  inflammatorj-  action  of  the  mucous  membrane  to  the 

'  i  identical,  wliatever  may  l>e  the  cause  of 
necrosis,  and  consists  in  tlio  deposition  of  a  firmly  coagu-; 
'''iioa  exudate  which  urigiuolly  u  derived  from  the  plr        ' 
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tliat  est-JipL'S  from    tlie  iiijuri'iJ   blmHl-vewels.     As  m  thiS 
cam  tlie  tissue-necrosis  was  [iresent  from  the  bt^iinhig 
aii<l  the  formation  of  fibrin-ferment  is,  tberefore,  iibiindaiit 
and  extenfls  over  a  large  area,  exudation-fibrin  is  formitl 
not  only  on  the  surface  of  the  affected  mnc-oits  membrano, 
hut  also  within    its   tissue,    particularly  in    places  wliiri; 
purt^  of  the  tissue    Imvc    ItcL'U  de^tmyed  ;   the  fil) 
deptiait  accordiugly  boconic^  unit^n]  so  intimately  with  the 
tissue  that  it  is  more  difficult  in  this  condition  tli. 
other  to  disprove  tlie  theory  that  tlie  ii,-sucs  of  muuoi 
tacmbmnea  may  he  dirtictly   converted   iuio  iilirin. 
the  first  glance  it  appotrs  to  Ite  absolutely  impossible, 
pharyngeal  diphilierin,  fur   example  (Plate  3u,  Fig&. 
and  2),  to  distinguish  bi-tween  llie  fibrinous  deposit 
the  fibrin  which  lias  taken  rlie  place  of  lo;-t  epitliclinm? 
At  the  edges  of  the  fibrin  the  cpjthvliom  'xliibito  nil  Ihe 
stages  of  karyorrLexis  and    karvoly-i-.  ;    the  i-rderly  ar- 
rangement of   the  cell-luyers    is   ih^-turU'd,   the  cells  ure 
loosened  from  their  connections,  and  in   places  large  and 
small  cysts  fitted  with  fluid  are  formeil,  leukocytes  In  lai^ 
numliers  invade  the  interstices  between  the  epithelial  eclls, 
and  here  and  there  a  mitotic  figure  may  lie  demonstrated, 
testifying  to  an  attempt  at  reactive  proliferation.     M< 
of  the  nuclei,  however,  exiiibit  karvorrhectic  figure 
or  the  other  of  their  stf^es.     In  the  zones  immediBtetjfi] 
above  (Plate  35,  Fig.  2)  the  spaces  between  the  nuclei  ai"^ 
not  oooupied  by  cells,  but  exclusively  by  thick  trabeci 
of  fibrin,  connected  with  one  another  in  the  form  of 
network.      The    latter   frequently    present   a   glisteninj 
hyaline  appearance  (Plate  16,  Fig.  2),  so  that  the 
appear  to  he  dissolved  ont  of  the  fibrin  and  to  be  lyinj 
free  in  the  tmnal-like  spaces.     At  the  edge  of  the  necrot 
area  and  of  the  secondary  deposit  of  fil)rin  the  leukoovl 
usually  accumulate  in  Iai^>  nund)eis  and  form  a  kind  i 
line  of  demarciktion  from  the  normal  tissue.     The  tisaui 
of  the  mucous  membrane,  after  they  have  become  in! 
tratcd  with  fibrin  and  lost  their  vitality,  arc,  of  com 
cast  off,  and  the  dijihUfriiy  or  "  <Viphtherni<l "  ulcer  is  forOM 
""      '   it  tissue  is   repjiieecl    by  rogeiieratiori  of  tli 
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rounding  epillidiiini,  nml,  wlipii  lliu  ulwr  is  deep,  by  tli 
of  the  BulK'pitlii'lial  i-orinwtivf  tissue  as  well  (see  above, 
Pathologic  Organizatiim).  If  only  u  fibrinous  membrane 
consisting  of  coagiiluted  musses  of  exudate  is  depwit^d  on 
the  mucous  membrane,  and  tlie  necrosis  involves  only  tl 
superficial  layers,  tiic  pnieess  is  described  as  croup.  Bl^ 
croupous  and  diphtliefic  or  dinhthemid  necrotic  proce«ae{ 
are  frcfiuontly  associated ;  for  while  the  exudate  raaj 
project  above  the  level  of  tbe  eroiijioufl  membmne  and  by 
coagulation  form  a  croU|K>iiB  niembriine,  the  necrosis  may 
oontinue  in  the  deeper  layers  an<l  ultimately  form  a  diph- 
theric membmne,  so  that  the  two  processts  cannot  be  dii 
tinguisht^^l  from  one  another. 

A  fibrinous  exudate  is  frequently  deposited  in  lympl 
glands  with   or  without  »  necrotizing   inHnmmation  ' 
neighboring  mucous  nicnibnines ;  tlic  de})osIt  takes  pli 
chiefly  in  the  lympti-sinuses,  and  is  proliably  in  evei_ 
case  to  be  attributed  to  the  effect  of  the  panne  noxioiii 
agent,  which  has  Iwen  brought  in  by  the  lymph-stream. 
Tniis,  for  example,  the  maxillary  and  cervical,  as  well  as 
the  tracheal,  lymph^lands  are  enlarged  in  diphtlieria  of 
the  pharynx  and  of  the  upper  air-passages.     A  process 
which  is  anatomically  quite  similar  takes  place  in  the 
follicles  of  the  intestine  and  in  tlie  mesenteric  lymph- 
glands  in  the  necrosis  of  typhoid  Jeivr.     Extensive  net- 
works of  fibrin  with  simultaneous  necrosis  of  tJie  lymp 
cytes  and  of  the  endothelial  cells  in  the  lymph-sinuses 
observed  also  in  the  necrosis  of  bubonic  plagiu  in  tl 
lymph-glands  of  the  gniin  (Durck). 

Productive  infiitm'maiion  is  characterized  by  a  chn 
course  and   is   attended   from   the  iK'ginning  chiefly 
a  new  fiirmatiou  of  gerniiuid  tissue,  which  in  every  ii 
stance    is    ultimately   cimvcrlcd    into   connective    tissm 
It  has  already  been  seen  that  in  {uirenchymatous  tissut 
pruliferative     phenomena     attending     inHammation 
always  of  a  transitory  niilurc,  and  are  soon  replaced 
degenerative  changes.      Tin-   hlslolt^ie  processes  of 
ductive    inflnniuiatiun,    which    always    take    place  in 
oonnective  tissue  of  lii(M«l-vissets,  do  not  dif'-"   "" 
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PLATE  57- 
Fm.  I.— Tubercle  from  the  Lung  with  Distinct  Reticulun 

(HemKL-efnin;  nnvin.  <  •■VM.\:  1,  Kliisiiir  tilvn>  from  lli<- iilvo'^lar 
wall ;  a,  gimit-fulif ;  3,  |iBi-mliiji.icJ*  <.•(  dii'  laiu-r,  eonimumi'iitiri);  wiih 
oiie  ttuutbiT. 

Kiu.  S.— Diffuse  Tuberculous  Qrsnubition  Tissue  froin  the 

KUncy  iH Hl.^.in.itf.      •    WM'-):  I,   Nii.-l.-i  ..r  .-piihclii.id  crll"; 

2,  giant-culls;  3,  HLriiii-iti  ;    " 

way  from  (lie  prooessos  thut  wt-  Iiuvt?  already  studitxl 
detail  in  «>mifetinii  with  pnlliolngif  organ iKatiun. 

SPECIFIC  INFLAMMATIONS. 

Infectious  Qranulomata. 

The  term  infeclioiis  ni-iiniiloma  (grannlation  tumor)  is 
applied  til  tlic  s|)»-iti(-  t^>rm  of  inflimimatimi  whit'li  \h  due 
to  the  invasion  nl'  the  ImxIv  Iiv  ivrtain  definite  infi-ctioiiB 
micro-organ  isms.  As  tlit-sc  infiaiiimatory  pnidilPU  appear 
practically  always  in  the  fbrm  «)f  a  sharply  iirciimscnl>cd 
new  formatioa  of  ti»:ue,  tlicy  were  imlmlfd  with  Iruc 
tumors  in  a  common  gronp  of  pfi^n^f^ivc  jmici's^.s ;  but, 
as  we  shall  see  when  we  cnmi'  t-i  lii-i u--  iiiniur*  more  in 
detail,  there  is  always  an  csseniini  dillvrviii'i' ;  tlie  forma- 
tion in  eiifjli  ease  is  fiinilamen rally  dilVircnt,  ami  i)nly  a 
enpHicial  inspection,  without  any  knuwlcdgv  of  the  im- 
derlying  causes,  could  e\'er  have  led  to  tins  view.  Tho 
reaction  of  the  tissue  varit*  according  to  the  nature  and 
peculiarities  of  llic  invading  parasitic  pira ;  gtiifrolly 
speaking,  the  itubwHiuent  coui-se  ip  typinit  for  each  micnv 
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organism,  and  in  many  east'^  il  is  jxi^-ilih'  to  infer  the 
species  i>f  infeclious  invader  from  tlie  iiiitologic  appeal^ 
anew  of  the  liesne  proliferation. 

GnvniiIoniiUoug  growths  usually  continue  tit  enlarge  so 
long  as  the  vegetation  of  the  mieniparanite  lasts,  and 
when  the  latter  perishes  in  the  organism,  secondary  retro- 
gressive metumorpliosis  may  take  in  tiie  gniiniloniata. 

Gmnuloniata    exhiliit  a   fimdamental    ditf.renoe   from,, 
Inif  tumors  in  their  niaiinor  of  i-preaiiing  in  the  organis 
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The  8|trmil  of   iiitW'tious  granulomjita   in   tlii'  i>i']r:iriiMn  J 
from    the  point  of  inviision,  ivlieri'   ihfv  in    maiiy  ca 
t  altliougli    not    always,    pn,itlui«   tlie   first    iiiflamnmtory  1 
phtmoruena,  tlie  so-i-allL-a  prhiuiry    liviim,    always    takes  ' 
place  by  the  tran.spiirt  of  the  piifii.siiii.'  gi'i'ius  in  the  bltMx!- 
orlyniph-stream,  or  in  some  otlitT  w.iy.  Im  ili-taiil  portions 
'.  of  tiic  body,  where  tliev  set  np  an  LLithuoiiKilion  precisely 
similar  to  that  which  takes  place  at  thi'  oite  of  tlio  primary  , 
invasion.     True  neojilasm:?,   on   the  other   liaml,  always  J 
fiirm    metastases  by  the  removal  of  parts  of  tlie  mother'! 
tumor  to  other  organs  or  parts  of  oi^iiis.     These  jtartlclea  J 
>  ara'sted  and  implanted  in  the  tissue,  and  from  iheftel 
f  implanted  tumor- particles,  which   possess  tlie  faculty  of  r 
L  proliferation,  other  tumors  iu  every   respect  similar  arel 
procluoed. 

Many  of  the  infections  n^nnlomata  lead  to  the  forma- 
tion of  nodules  built  up  ol  cells,  which  Virchow  desijj- 
nat^d    "tubeniula."     Tliese    tlisease.'S,    thei-efore,    are    all 
_  Ufllled  "  tul>t;role  diseases."     [In   American  literature  the 
I  term   tubercle  is  apj>Iied  only   to   lesions  causeil  by  the 
^tubercle  bacillus. — Ed.]     These  luliercles  arc   must  fre- 
quently ilin'  lo  ihe  ;ii'livity  of  a  micro-organism   which, 
bocaiisi'  ii  |iiiJsi'-si-.   ill  a  hij^h  degree   this   property  of  1 

Pn>duc)ii<r   mix  r<*li'~    in    human   and    animal  IxMlies,  has  I 
!eu  called  till'  '■  luliLTcle  lunguy."  '     In  addition  there  are  J 
I  other  parasiiie  af  well  as  non-parasitic  causes  that  may  1 
flead   to  the   formation  of  tubercles  [i.e.,   nmlulcs, — Ed.J  j 
ffithin  the  body;  thus  it  i»  sufficient,  in  order  lo  produce  | 
lithem^  to   incorporate   .imall    fiireign    boilies   in   unifonu 
frsuspCTisioti,  as,  for  example,  j^round  wheat,  small  jiartieles 
Bof  nair,   or  cuttings   of  silk    ihrwid.     There   is   another 
fcIasB  of  discttsos,  which   includes  Rvphilis,  glanders,  lep- 


'A*  the  cftUM  of  luliBPculiiaifi,  Kpconliiis  t"  rtfcnt  invi-sliiciition*, 

Pihould  not  lie  included  iiiiiiiii)r  the  mf)iinTii(>rph«UH  Wti-riuiuid  dnen 

1  rvprewiil  a  tingle  bni-illiin,  but  li>'1i>ni;«  nilh«r  tu  th<^  cniiip  uF  • 

iiiiiTihiius   Iwpienii, — Uiu    nnnio   '■  tulwrelej 

1  _ ._  ..   >       '  (H,n  dietmnlrd  in 


mtothricos.         ,    ^  , 

ullin,"  wliii-h   lias  lon^  bwn 

-'[,  »nd,  imloKl,  the  term  "tiiterele  fiiiigua'"  will  tw  iiwd,     [Ai 
UttOttld  be  u'lid  nithfir  thn 
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PLATE  38. 
Flu.  I— Exudative  Tuberculous,  Cheeay  Hepatization  of 

Uie  LunS  (Altiiii-ciH<1iini.-Hl;  Wcigurl'B  llbriN,  und  diistic  con- 
nectivu-ti~uu  eUin.  ■  -ZWlf.  t,  Alvcolur  vulh  in  u  pirttvt  ittkbt 
of  pnurrviitiiin  with  eliwtio  Hbers;  :!,  uiiim.'Iiiis  i^iiiiIhIi'  willi  dUint^ 
gmlM  nuck'i  of  IciikncyU'e  utld  ix'Dtlrml  iilvi'iilNr  e|iilh«llMl  eelh;  8, 
flbritiouB  exudate ;  4,  librimm*  iuu^mlvvulBr  bridi;i!, 

Flo.  :;.~-Cucatlon  in  a  Tubercle  froin  the  PiaMater(Heuiu.- 

euein.  -  M&,):  I,  Kpitbulioid  •kIU;  2,  epitbiaiojd  cftli  engigMi 
Ui  tiii^mtiun,  with  luiig-dmwn-uut  hiu'In  ;  3,  mund-ccllii  i,  diiiti- 
Ugnilnl  luii'lei  witbiti  i.>pitb«lioi(I  velU;  5,  frw  imcluirdjbds;  6,  ituimm 
of  Ubtiiii  ill  whicb  (iNcefiLiiiti  U  <K>niplet))  Hdd  tfae  iiui'lvi  have  atl  disMp- 

rusy,  and  actiiiomywisis,  in  whii-1i  llif  inflflmiiiatury  reao- 
tiuii  of  the  tissue  alU-r  it  ImK  IxH^'n  ilamuge<l  Ity  tbeae 
punisilic  agents  ni»nife-'t»  itwlf  hi  iiixliilar  new  gmwtha. 
It  18  uiuleiimble,  liowever,  thai  tiit-  cniiilioii^  uf  nodules 
iluc  to  the  tubewle  fungus  cxhiliit  mhOi  iirc^fiaiit  jieoiiliar- 
ilifs,  (.'vidontlv  ihie  to  tlie  jicculiiir  nicHlf  of  uL-tinn  of  tlie 
etiitltJIiiL-  ngcnl,  that  fhey  are  theivliy  ili.-lhiguisliwl  from 
all  other  tiiborctilar  [nudiiliir. — El>.]  iliiiea^ts. 


.  Tuberculosis. 


The  morbid  phenomfna  |inidiniil  tiy  thp  Piitrance 
the  tiibcn-k'  fimfrut  into  the  orjpjiiiiiii  and  iho  ninniiifsttl- 
tionB  of  itri  jictivitii^  uro  desini'wl  "  tiilicrcnhxiiK."  The 
cliflcaso  miwt  fn-qnently  manifesls  itself  in  tlic  IkhIv  by 
the  production  of  cell-iitxlule*  and  is,  therrfiire,  n  "  tnbcr- 
clf  disrate ; "  but  it  niay  alsii  miinifciiit  itself  in  other  fiirnia, 
•Niipcially  as  n  diffuw  praiinlalion  tiflsuc  and  in  llic  fnrm 
uf  an  exTidatiw  inflantnintion.  Ari'imling  to  the  present 
•itate  of  niir  knowledge,  the  pn*enoe  of  tulwn^les  is  not 
the  only  diafrii'ittic  criterion  of  tulMTriilosb ;  for  the  term 
liilMTciila.i,  ;.  ajiplird  to  all  thoae  elmnge^  in  the  b«)dy 
Hhn-h  :iri-  prii<hii*.  d  \.v  the  tnl)ereh>  fungiih. 

Tin uuuur-l    pniduet  of  the  tiiberrle  fungus  is  the 

(u/terni/ofw  ;iw(/(i^«,  or  simple  tubercle.      It  alw 
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L  sents  a  Dew  growth  Id  tlit:  atTocted  tissue;  acid  it  c 
I  not  of  a  eiilkfition  of  newly  ailkt;t«l  cells,  but  ratlicr —  J 
I  at  least  during  the  initini  status — of  derivutives  uf  fixed  | 
I  tisau&Hiells.     TLe  tubercle  is  prnduct-d  from  the  «.'l]s  ol' 
I  the  oi^n  at  the  site  of  the  injury.     The  exact  nuture  nf  \ 
1  the  action  of  the  fungus  has  nut  dm  yet  been  clearly  ex- 
plained, and  opinions  concerning  it  difier.     \Veip>rt  be-  ] 
lieves  that  ilif  proliferation  is  i*econdary  and  follows  in-  ' 
I  juries  to  cells  and  intercellular  substance,  which  rejirewnt 
[  the   iirimiiry   effects  of  the   tuliercle   fungus.     In   other 
I  •wortls,  the  (-oiidition  is  a  iwrfeot  analt^iie  of  simple  in- 
I'flammutton,  in  which  we  also  have  a  )iHmary  injurious 
E  effect  on  certain  ixtrlions  of  oi^ns,  especially  degenera- 
Itive  processes  in  the  vessel-walls,  as  the  first  result  of  the  ] 
f  action  of  the  irritant  that  is  responsible  tor  the  inflanima- 
I  tion,  while  all  snltsequcnt  exudative  and  wllular  processes  ] 
I  are  (hie  setimdarily  to  this  injury. 

V      In  the  formalion  of  ihe  tubercle  the  proliferative  in- 
Iflammatory  proces,'^*  jilay  the  most  prominent  n'jle.    The  1 
pSrst  result  of  the  invasion  of  the  tissue  by  tultercle  fun^  J 
t  in  the  swelling  and  mitolir  division  of  the  pre-  1 
^existing  fixed  lissue-cclls.     These  elements  usually  group 
I'lhemaeTves  in  the  form  of  a  circle  or  of  a  hollow  sphere 
about  the  invading  tidierclo  fiingi,  their  proloplusm  swells, 
I  and   the  cells  thus   form  a  dense  mass,     (hving  to  tliift  . 
>  behavior  Virchow  tallwl  these  cells  "epithelioid"  cells,  j 
I  because  they  are  connected  with  one  another  like  epithelial  | 
F cells.     Ijiter  the  expression  "epithelioid  cells"  was  often  | 
t  Used  erroneously  and  was  applied  to  special  forms  of  cells, 
"  >  emphasize  the  abundance  of  their  pn>tophism.     This  1 
Kotmceptioii   is,   however,  entirely  erroneous;   for  a   win- 

■  neotive-tissnc  cell  may  also  have  a  very  targt;  body,  whili', 
ion  the  other  hand,  epithelial  cells  when  in  close  proximity 

■  to  one  another  n^umc  a  great  variety  of  forms  and  somc- 
itimes  possess  only  a  very  small  (|uantity  of  protojilasm.. 
iTbe  distinguishing  feature,  therefore,  is  not  the  shai>e  of  ! 

Elie  cells,  hut  their  mutual  arrangement.     These  epithelioid  ] 
"b  in  most  eases  art'  probaMv  prmliicrd  hv  the  ])m!ifera-  ' 
llion  of  conniviivr-ils-ii,.  mA  .i..'.  ■■.  ■M', 
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therefore   in  every  respit-t  c-i>iii|»ii ruble  to  tlio  libroHuatq 
of  simple  iiiflutniiiutiun. 

Many  aiitiiors  even  now  aiiupt  the  view  tliat  niuler  thw 
influene*  of  tnlx'ri'le  I'nngi  any  cell  in  llie  liumiin  bodfl 
may  proliferate  and  pnxluue  epithelioid  cells,  thus  1 
coming  the  eomer-stmie  fur  ii  young  tuben'le.  It  is  quitq 
tnie  th:it  the  first  eriiptiun  iif  tuberetilmis  granulomata  ir 
all  parciK^byiiiaf  iiid  (irgaiis  U  attendeil  l)y  a  fairly  aelivi 
prolifeniiiiin  of  thf  fixed  pjireucliymu  celirt,  manifesting 
itjielf  ehiefly  in  a  more  abundant  mitotic  division  of  thesi 
cells.  Tlius,  in  tlie  liver,  for  example,  after  the  injcelium 
•  of  tntjercle  fungi  into  the  portal  vein,  karyokinwtie  fignru 
are  seen  in  the  eeib  aa  well  as  in  llie  epithelium  of  llu 
bile-ffucts  at  tlie  places  whteh  correspond  to  later 
tions  of  eell-nixlulwi,  and  which  immciliately  surroiiiU 
tlie  tul>en!le  fungi  that  have  liKlge<I  in  the  cupillariel 
Again,  in  the  kidneys,  a  Mimilar  jmdiferative  activity  i 
observed  in  the  epIlheJTum  of  the  urinifenms  tubales  at  j 
very  early  stage  of  the  proeuss  after  an  injection  of  tub* 
fiingi.     But  the  finding  of  mitotic  figures  in  these  txWn  i^ 

far  from  proving  that  the  cells  themselves  have  Ufn  c 

verted  into  the  elements  of  a  tubercle,  and,  ns  HnnseRiann 
has  pointed  out,  the  assumption  is  not  tenable  on  theoretic 
grounds  in  view  of  the  generally  accepted  law  of  the  spe- 
eificit\-  of  the  cell  (omuls  celMa  e  cr/iula  fjii^dim  f/eiuris). 
We  siiall  see  later  that  the  cells  of  tul>ercles  may  necnsioD- 
ally  np|)car  in  the  eliaractcr  of  con neetive-t issue  builders, 
hui  it  is  incompatible  with  our  present  views  in  n^^rd  ti> 
tlie  differentiation  of  ei-Iis  to  assume  that  a  oell  whidlji 
formerly  had  been  an  epithelial  eoll  and  forniHl  part  of  iffl 
glanilular  organ   or   a   mii(H>us  membrane,  or  one  of  its.i| 
desecudants,   can    ever    pnxluee  connective  tis-ne ; 
throngh  the  mediation  of  lubenle-formation  so  complete'  *l 
a  change  in  the  ehanieter  of  a  cell  i^  aliHulnlcly 
ceivable.     It  is  needles-;  to  sny,  however,  thai  ]iroiitL>mtive    | 
processes  may  be  «el  np  In  all   iIk'  piinuclivma  cells  of    ' 
the  bodv  if  ^pel■ifie  intlamtiuitiirv  [.iiiduci-.  -I'uli  us  tuber-  ! 
cics,  estjdjlish  them-elves  in  the' -nrmmi.lini;  ti-sue.     But  ] 
?  /indiferarive  prini'ML's  are  only  transitory,  and  are'  i 
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usually  the  forcruuncrs  of  dcgeiienuivc  condiiions,  just  a 
we  touiid  omwlvta  (urcwl  to  deny  tlie  occurreuce  ol'  tnie  ] 
p!irencliyniat«us  inflamiuation  in  the  sense  of  u  jterma- 
iieut  cellular  proliferation  in  psircnirliymatoiiM  ur^ans,  with- 
out   being    able    to   deny  the  oeeurreiice  of  tuomcntary  I 
proliferative  conditions  as  the  expression  of  an  fsirly  stage  I 
of  the  lesion.     An  eruption  of  tubercles  is  often  observed 
in  the  immediate  neighborhood  of  epithelial   cells;  the 
latter,  by  midtipHcation,  untlei^  a  considerable  increase   1 
both  in  number  and  volume,  without  being  themselves   I 
included   within   the   area   occupied   by  the   tiiberculoua 
granuloma.     For  example,  in  luWrculosis  of  the  mucous  , 
niembnuie  of  the  larynx  the  epithelium  may  undergo  c 
siderable   thickening,  iind  metaplasiii  of  the   membrane  | 
may  even    take    place,   so    that   stnitific<l  squamous    epi- 
thelium is  produced  in  places  which  normally  are  crjvered 
only   by   cyliiidric    epithelium    (pachydermia    kiryngia). 
A  similar  Iwhavior  is  observed  in  the  o|K'udyiua  of  the 
ventricles  of  the  brain  when  tiiln'rcles  form  beneath  thero. 
The  cells  undergo  proliferation,  but  they  are  not  them- 
selves conveftefl  into  tubercle  cells.     Since,  therefore,  the 
most  important  source  of  supply  for  the  growing  tubercle 
is  reprewnled  bv  the  fixed  connective-tissue  cells  and  the   i 
endothelial  cells,  the  epithelioid  cells  are  in  every  way 
comparable   to   the   fibroblasts    in   simple   inflammation. 
Tlie   only  peculiarity   about   their   use   in   building   the 
tubercle  is  their  radiating  arrangement. 

When  the  young,  growing  tubercle,  consisting  nf  epi- 
thelioid cells,  is  found  in  the  immediate  neighborhood  of 
blood-vessels,  the  latter  arc  almost  always  occluded,  either 
by  compression  from  the  expansive  growth  of  Ihe  granu- 
loma or  by  active  ingrowing  of  the  latter  into  the  vessel-  ' 
wall,  with  partial  utilization  of  its  cells  for  the  tubercle. 
The  endothelial  cells  may  undergo  considerable  swelling 
and  sometimes  even  exhibit  active  mitotic  division. 

Sometimes  at  an  early  stage  of  the  tuberculous  growth 
these  epithelioid  cells  are  converted  into  ijtavt-celt*.  The 
formation  of  these  stnictures  may  in  general  be  n^rded 
■       Qf  a  diminished  vital  activity.     We  dis-  ^ 
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PLATE  39. 
RetkuUted  Tubercle  from  the  Diaphragmatic  Perlta 

(  y  160.)^  1.  Eiiillu-lioid  tt^lb;  2,  liirgu  f;iunl-.'oll  wilh  I'heerf  a 
Ixidy  i  S,  EiiN"  of  c'ii=p«lion  ;  4,  ttbuiidmitly  ilevcluped  rolii-ulum  u 
cmliryonal,  uunueiitrioill^  striuted  cunncvlivi;  lie»ue  in  iilv  iieighH 

tinguish  three  forms  of  giant-t^lls  in  the  tubercle;  ^^^ 
The  proiifemtion  giant-cell,  fiirmed  by  ni]iiJ  nuclear 
divyoti  ill  the  same  cell,  while  the  growth  of  the  body 
fiiils  to  kwp  pace.  The  divitiion  i»  vorj-  niton  amiiotic — 
that  is,  eilt'ctcd  by  direct  division  or  fnigDicntutia 
Sotnotimcs  the  cell-l>ody  eiiliihits  local  necrosis  or  c 
tion,  wiiiie  the  proliferative  processes  atill  go  < 
nuclei  (Wcigert).  (^)  A  second  form  of  yiaiU-cells 
doubledly  is  produced  by  the  fusion  of  neighboring  c 
((jongluli nation  miit-icH)  although  from  the  fact 
many  of  the  cells  are  inultinuclcar  it  is  probable  thatfl 
Bwondary  niiillipth'ution  of  the  nuclei  takes  place  in  th? 
Iiody-prfitoplnsm,  which  owes  its  size  to  the  confluence  of 
several  individuuts.  (3)  Finally,  the  picture  of  a  ginnt- 
oell  niiiy  In;  simulated  by  traneveree  ew-tions  of  a  hy 
thn>m)Mis  in  a  hloiHl-vessel  with  enlargod  or  confluec 
endothelial  cells.  The  thii-d  fomi,  it  is  needless  to  s 
is  not  a  (me  giant-cell  furniation,  and  is  distiuguislied,  a: 
rule,  by  its  regular,  circular  fomi  and  externally  smootL, 
well-defined  contours;  but  its  tnie  origin  can  l)e  recog- 
nized only  by  examining  a  lam'  number  of  serial  sections. 
It  18  certain  at  leasl  that  this  form  of  giant-ceils  hta 
nothing  in  common  with  the  gi-nuine  tuberculous  giani ' 
cell  of  Langerbans. 

When  in  ihis  way,  hy  proliferation  of  the  cetl^mii| 
which  has  fell  the  first  cifect  of  the  fungus,  the  tubere 
has  attained  a  certain  size  and  is  usually  just  visible  | 
the  naked  eye,  other  elemcuts  gather  in  its  periphei^^ 
Small  round-cells  ai>cr  the  type  of  leukocytes  accumulate, 
at  first  only  in  or  around  the  |ieripliend  jwrne,  and  con- 
tribute to  the  enlai^ment  of  the  nodule  ;  before  long, 
however,   these   round-cells   aclively   invade   the   central 
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porliun^  of  the  tiilwrcle.  This  admixture  of  roiiml-wlls 
IS  estremt^ly  variable  ami  by  no  means  eiiually  pronoiiacwl 
in  all  tubercles.  It  may  be  so  marktMl  iw  to  forw  the 
endothelial  cells  apart  and  later  praitit^lly  ceium?  their 
disappearance,  or  it  may  Iw  altogether  abst-nt  ti»t  a  long  - 
time,  even  after  the  central  ixtrtions  of  the  tubercle  have  i 
become  llie  seat  of  retrogmde  metiunurphoslB,  Tliess  1 
pound-cells  are  uniiueHtionably  derived  from  the  blood- 
vessels in  the  neigh borliood  which  have  been  alirred  by 
the  tuberculous  eruption  ;  they  are  in  a  genunil  way  mm- 
parable  to  the  smull-eetl  intiliration  in  pimple  infliimmu- 
tion,  composed  of  the  so-callc*!  "  jrolyblasts  '  (Miiximow) 
or  ■'  leukocytoids  "  (Marchand).  During  the  later  .-Ttiigcs 
polymorplionnclear  leukocytes  also  api)ear  in  addition  to 
the  mononuclear  forms;  they  may  emigrate  in  enormous 
numbers  and  collect  at  the  periphery  of  the  tulietvle,  ao 
that  the  latter  appears  to  be  imbedded  in  an  exudate  of 
pus-cells. 

Other  exudative  phenomena  are  occasionally  prominent 
in  the  formation  of  tuberculous  gniuiiluma ;  tlms,  for  ex- 
ample, a  variable  qiinntity  of  fibrin,  evidently  the  result 
of  profound  injury  to  the  vessels  and  consequent  exuda- 
tion, may  be  deposiled  in  the  central  as  well  as  in  the 
peripheral  portions  of  the  tubercle.  The  quantity  of  fibrin 
IS  quite  inconstant,  and  great  variations  take  place  within 
I  the  same  oi^n,  frimi  entire  absence  to  deposition  of  an 

■  abundant  network.     At  all  events,  the  variable  di^ree  in 
F  Whiob  ooagulable  inflammatory  exudate  takes  part  in  the 

process  indicates  that  the  exudate  df)ps  not  represent  an 
integral  constituent  of  (he  tubercle;  its  appearance  de- 

Ends  on  wcondnry  factors — p<issibly  the  degree  of  vim- 
ice  of  the  IuImtcIc  fungus. 
I  Every  tuberele,  furthermore,  possesscH  a  delicate  fibrillar 
Hframcwork,  the  development  of  which  also  varies  and 
IwUich  is  known  as  the  i-dlnibm.  as  it  is  usually  spreail 
■out  in  the  form  of  a  delicsite  intercellular  subHtance  lio- 
K:twecn  the  epiihelioid  and  giant-t^lls,     Formerly  it  was 

■  often  ri'garded  as  an  artefact,  prodnccd  bv  flic  action  of 
■'  !  preserving  fluid  on  the  snccnl-:'  -V-^  -f  *hi 
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tubercle;  Ijiit  numerous  examiDulious  liuvt^  shown  clearly 
that  the  rcticuJuni  iiccurs  indeiifiiduiitly  of  thu  kind  of 
preserving  tluitl  usetl,  and  is  a  well-marked  and  essential 
constituent  of  tlie  lulierele.  lis  origin  is  [>rubjiblv  due  lo 
various  conses.  Part  of  it  ia  undoubtedly  derived  froi 
tLe  remains  ol'  the  fibrous  ground-sul)stnn(«  of  the  tii 
of  the  organ  in  uliieh  the  Inbercle  bus  formed,  and 
portion  aeeordingly  will  be  of  a  variable  <]iiautity,  depcm^- 
ing  on  the  abundance  of  tibroua  substance  in  the  afiecte<] 
organ.  In  serous  menibmnes,  for  exanijilf,  the  reticulum 
in  a  growing  tubercle  is  lieautifuUy  seen  ^Plate  S'J).  The 
fibers  of  tlie  titreau  are  fttrced  apart  by  the  proliferating 
elements;  they  become  drawn  out  and  attenuated;  the 
reticular  substance  may  accordingly  U-  deli«ite,  and  prol>- 
ably  is  entirely  destroyed  in  many  places.  Another  part 
of  the  so-called  retieuhim  no  doubt  owes  ils  existence  to 
newly  formed  tibcRi  whieh  represent  processes  of  epi- 
thelioid and  giant-oelJs.  The  latter  particularly  ofti 
exhibit  a  large  number  of  iuterlaeing,  prot4>plasmic  pi 
esses,  like  spider'a  feet,  which  unite  with  one  another 
with  those  of  the  neighboring  epithelioid  cells  to  form 
continuous  network  (Piute  27,  Fig.  2).  Finally,  a  fibrous 
reticulum  may  owe  its  origin  io  a  newly  formed,  wiagu- 
Inble  intercellular  substance  between  the  element.*  of  the 
tubercle.  This  in  most  eases  probably  consists  of  so- 
called  fibrinoid  substance  which,  as  will  be  mentioned 
presently.  Wars  certain  relations  to  the  retrograde  meta- 
morphoses which  take  place  within  the  tubercle,  and  may 
he  spread  out  between  its  cells  in  the  fiirm  of  a  delicate 
fibrillar  network. 

It  follows,  therefore,  that  in  every  organ  the  tubercle 
presents  a  new  formation  developing  from  the  prolifen- 
tion  of  certain  preexi**ting  ttssne-cells.  But  tulx-rclca 
may  also  be  producetl  outside  of  organs,  particularly  in 
fibrinous  exu(]ate».  Here  they  appear  as  islands  or  nest* 
of  cells  scattered  here  and  there  and  surrounded  on  all 
aides  by  fibrin.  It  is  these  tubercles,  which  are  pnKluced 
without  nnv  cfmnectlon  with  fixed  organ  cells,  that  have 
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giant-cells,  just  like  tnliercles  that  grow  in  the  interior  of  j 
I  organs  and  are  wnncete*!  with  tho  ti^Huefl  of  those  organs..  \ 
It  is  tnie  that  these  isolatetl  tubercles  ean  be  forme*!  only  1 
from  "wandering  eells" — that  is,  oells*  endowed  with  tlie  J 
iwwer  of  sponlaneods  loeotuntion ;  but,  as  we  have  Been  ] 
in   the   description  of  simple  inflaminalory  granulation- 
'   tissue,  the  deBciUidante.  of  the  fixixi  eon  nee  live-tissue  cella  I 
and  of  the  endothelial  fells,  the  fibroblasts,  are  endowed  1 
Mith  a  well-marked  power  of  movement  and  are  quit«  j 
I  able,  by  tlieir  own  enorts,  to  make   tlieir   wav  into  the 
I  meshes  of  fibrin — in   fact,  this  is  the  rule  In  tlie  healing  I 
of  a  wound  whenever  (he  defeet  is  primarily  filled  with  | 
I   fibrin.     The  fibrolilast*  tniverse  the  fibrin,  which  is  par- 
I  tially  consumed  by  tliem  dnring  iheir  jirogrews  and  cxcrta 
I  a  positive  chemotactic  nclioii,  not  only  on  the  leukocytes, 
but  also  on  the  fibroblasts  ibeinselveis  and  on  the  vascular 
buds.     It   is  no  wonder,   then,  that  a  tubercle  may  be  j 
formed  in  this  way  whenever  the  c»usal  micro-organ  isms  I 
are  present  in  a  fibrinons  membrane;  fibroblasts  advance  ] 
as  far  as  the   miero-or^nisms  and  form  a  wail  of  epi- 
thelioid cells  around  them.    At  the  same  time  lyniphocytea  | 
'  and   leukocytes   in   variable   quantities   may  invade   the   \ 
tissue  and  contribnf*  to  the  enlargement  of  the  tubercle. 

The  tubercle,  however,  is  not  the  only  manift«tation  of  1 
inflammatory  reaction  in  a  tiasup  which  becomes  invaded  1 
by  tubercle  fungi.  Instead  of  circumscribed  nodules,  a  ] 
d%ffiuie  graniiiation-tisimr  may  be  prodw^i],  which  is  built  I 
op  in  the  same  wav  as  the  granulation-tissue  in  simple  in-  f 
flammatinn  and  is  distinguishable  from  the  latter  only  by 
the  prcfience  of  ihe  specific  oi^onisms  and  by  a  tendency 
I  to  nndei^,ro  tvtrograde  metamorphoses.  Tliis  reaction  is  j 
t  obviously  fitund  when  large  quantities  of  tubercle  I'uuf^  ] 
:  their  influence  at  the  same  time  over  a  large  ex- 
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iL'iil  of  tissue,  as,  for  esaoiple,  in  the  kiilooy,  wlioii  li 
qumitities  of  tubercle  fungi  are  iixrruleti,  iu  llie 
in  the  mucous  membrane  of  tiie  utt^rus,  uiul  eoiuetii 
e8|>eeiiilly  in  aiiimaia  (latllc),  on  seroLrt  membrunet;  in 
presence  of  uu  abundnut  exudate  containing  tut>ercle 
fungi.  Tlie  prineipul  differenee  betwwii  this  newly 
formed  grunulalion-tissne  and  the  tuhenle  is  the  presence 
of  newly  formed  blood-vesseU,  wliicli  are  never  lound  ijj. 
a  circumseril)ed  tubercle.  Subsequently  tubercles 
develop  wilbin  the  gninuliit  ion -tissue  orid  ai^  then  sbai 
marked  off  fn>m  the  surrounding  tissue  by  a  d« 
I»eriplienjl  wall  of  round-cells. 

Finally,  the  tubercle  fungus  is  capable  of  pniduciiiB 
purely  exwlrdhe  nuperjiiiial  mjlummalian,  in  wnleb  the  it 
flammatory  exuilate  may  present  all  the  variations  frooj 
simple  serous  to  fibrinous  or  purulent  material.  Thus 
forezample,  there  are  varielies  of  tubi-rculous  leptoraen 
iitgitis  in  which  the  tissue  reaction  consists  solely  [( 
largely. — Ed.]  in  a  copious  accumulation  of  simple  pui 
lent  or  purulofibrinous  exudate.  The  lung  in  particul 
may  be  from  the  begirniiug  tlie  scene  of  a  simple  exui 
tive  tul>erculous  inliammatlon,  which,  accordingly,  during 
its  first  stage,  diflFein  in  nowise  from  that  of  an  ordinary 
exudative  inflammation,  as,  for  example,  a  croupous  pneu- 
monia. The  alveolar  aepta  remain  entirely  intact,  are  not 
thickened,  and  at  most  suffer  some  proliferation  of  tlieir 
epithelial  lining.  In  the  interior  of  the  alveolar  lumens, 
however,  an  exudation  accompanied  by  fibrin  takes  place, 
which  is  associated  with  the  emigration  of  lymphocvtes 
and  leukocytes.  The  exudate,  however,  is  not  (liaaofved 
or  organized  in  the  usual  way ;  its  specific,  (uberculoufl 
character  asserts  itself,  and  it  nndei^oes  secondarily  a 
typical  ca.seous  necrosis.  But  neither  a  cireumseribed 
nor  a  diffuse  granulation  is  ever  formeii  at  any  stnge 
of  the  process  (Plat*  38,  Fig,  1).  In  this  way  large 
sections  of  the  lung  may  be  attacked  by  exudative  pi 
esses  which  later,  liy  the  appearance  of  caseous  necPC 
lead  to  the  dcvelnpraent  of  siv-called  cheesy  hepntisaHoiu 

All    tubereulous    structures,   circumscribed    lubei 
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diffuse  gr.inulation-titiSiiL',  m-  wt-U  an  tlio  purely  csudativel 
furmaiiou);.   harbor   williiii    ihcni  llic  giTin.     In  u  Bliortl 
time  they  tiill  prey  to  llie  |h<  iiliar  tiniii  ol'  necrosis  dt^^  I 
iiated  c'i«eatioii — i.p.,  llif  tiiinl  rit-iill  of  which  ie  u  dry,  | 
t'uirly  firm,  oiid  complelfly  l)loodlu.-f,  Blructiireless  muae.  .1 
The   ulliiiiaie    cause  uf  the    (useiirniiee  of  thia    fomi   of  I 
necrobiosis  is   probably  to  be   floiitfiit   in    the   iiiteetioua  I 
agent    itself,   in    the    toxie    siibstaiiws    exereled    by   itl 
These  toxins  appear  to  be   endowed  with  a,  certain  i 
remote  action,  since  ciist-atioa  is  Wfwetiincs  observed  i 
areas  conUiiniug  no  tulxTcle  fungi  dr  oiiJy  very  few,  wbihi 
at  some  distance  from  the  ebeeey  fixrus  large  accumulations  " 
oi'  the  fungi  may  be  present.     The  process  is  not,  as  was 
formerly  ihttuglit  (Virchow),  a  mere  desiccation  or  inspia- 
lutinn ;  for  the  cuseating  foci,  as,  for  example,  in  clicesy 
pneumonia,  sometimes  exliibit  a  considerable  increase  in  . 
size  in   the  ooiirse  of  their  development.      The  procesa  1 
differs  from  simple  coagulation-necrosis  by  the  occurrence 
of  a  fatly  oluingo  with  the  production  of  exceedingly  fine 
granules,   in  addition  to  ttiose  phenomena  which  attend 
simple  necrosis,  such  as  karyorrhcxis  and  kar^-olysis,  with 
breaking-up  of  the  nuclei  into  inlltiitoly  small  particles 
and  solution  of  the  chromatin  substances.     Tliis  form  of   i 
eelhilar  death  is  also  accompanied  by  the  appearance  be-  ' 
tween   the  necrobiotic   cells  of  a  firmly  coagidated  sub-  ] 
stance,  which   is   evidently  derived   from  the  blix-d   and  | 
which,  on  account  of  its  morphologic  and  genetic  simi-  4 
larity  to  fibrin,  has  been   designated  fibrinoiii  mib«tanoe  I 
(Schmaus  and  Albrecht).     It  is  probably  the  chief  cause 
.  of  the  firmness  and  dryness  of  the  cheesy,  necrotic  mass.,  j 
In  eircumscriliod  tubercles  the  prtK'ess  of  caseation  alwayS'  1 
begins  at  the  center  and   prt^ressea  in  concentric  lines  ' 
toward   the   periphery;   in   the  stained   preparation   the 
cheesy  portions  are  characterized  bv  their  abwilute  loss  of 
tingibihty  (Plate  38,    Fip=.    1    antl   2).      In  the  zone  of 
advancing    caseation    karyorrhexiii,   with    which  we   are 
already  familiar,  attended  by  the  usnal  rearrangements  of 
the  chromatin,  makes  its  appearance ;  the  chromatin,  after 
(  been  broken  up  into  minute  splinters,  ultimately 
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IS  Tubercle  In  the  Apex  ot  the  Luns  (Slaty  Indm 

(x  :».):   >.  CicHtriuinl  ttiirkpiiiiig  nC  pk'uni  with  isniHtid  fut-i  » 
UltrutJcm ;  2,  diriiei!  iriBssui  ur fMl-jiigiiii'iil di'puoiliHj  in  i 
8,  vMtnitur  aptKivi  i  4,  HlvenUr  xpHOu  wiili  ]jniliferHti^  epiUioluim 
cheeey  i^ntcnt  uf  ihH  tiibcrclni;  6,  oiiii'pntririilly  striitted  catinc«d^ 
tkiue  aurniundiug  the  tuberclm. 

dieapixtirs.  In  difltisc  tiilM>rciilou»  graniihition-tiKstiJ 
caseutioti  timmlly  ^prcadn  uiiifiirnily,  ami  U  Htt<?n(I«l  I_ 
the  forniututn  ol'  large,  chccMV  necrotic  i^ii])erfii:iiil  patclioi 
OS,  for  example,  in  tlic  niuctM'aiif  tho  iiti'nis,  the  n 
and  the  pelvis  of  tlie  kidney,  Finnlly,  ihe  purely  M« 
live  IuIxtcijU'US  proca<M!ii  aUn  midfrjio  elii'csy  necro 
When  the  exudate  is  pnnilcnt,  ii  iin<rer(^>rs  In.'tpissatv 
and  a  tatty  change,  with  tlic  priHliiriiim  nl'  niinntegrjnult 
and  the  formation  of  tiliHii ;  ivlim.  <iii  liiv  «\Wr  hand,  tbl 
character  of  the  exnihite  is  eelliili'tiliiinuii^,  tlie  ecils 
first  converted  intti  n  cheesy  niiisf- of  dviritllii,  while  I 
fibrin  contiintes  for  si^me  time  to  olfer  h  ^nccc^sfnl  reab^ 
utK^-  lo  the  advancing  neerobiosia.  In  this  way,  in  ctei 
hepati/.-ition  of  the  hinp:s,  for  exiimph'.  pictures  are  \ 
diieed  in  whieh  the  central  ftorliiint^  of  the  alveolar  c 
tent*  are  conipli-tely  iMinvertwl  into  a  cheesy  masc ; 
the  penphcrnl.  exe'liiwvely  fibrinons  jmriion  of  the  CxS 
date  and  the  interalvi>olar  bridf.fs,  which  are  alao  fibrinous, 
are  fltiU  pnietiwilly  intact  (Plate  38.  Fig.  1).  Uiter  the 
fibrin  is  also  drawn  into  thi-  area  of  ciiwation  more  and 
more;  it  loses  its  typical  tinctorial  reaction,  although  it 
may  continue  for  wime  time  to  be  demonstrable  optically. 
In  the  end  the  process  of  cheesy  necrosis  involves  the 
last  remaining  networks  and  tnibfciilie  of  fibrin,  and  e 
the  celliilnr  stmclnres  of  the  alveolar  walls,  which  Up  |j 
that  time  have  escjiped.  The  elastic  fil>ers  offer  the  n 
i)bBtinate  resistance  to  the  pmce?is  of  caseation,  wbi* 
they  m'thstand  for  some  time  after  all  other  struct 
have  sniH-nmb«tl,  and  il  iri  not  iint^mmon  to  set 
of  the  Innp  that  have  undei^ine  cnniplde  cheesy  d^cRd 
ation,  in  which  not  a  single  nuelcns  retains  its  tingibiUlj 
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_ind  not  a  single  t^ll-bwly  or  fibrin  fllter  is  visible,  a  well- 
-preserved eliistic  i'ranu'wnrk.  (Conijidre  Atlas  of  Speeial 
Pafholoffie  Uixlolw/y,  Vol.  I.,  Plate  42,  Fig.  2,  and  Plate 
43,  Fig.  2.) 

Foci  tliat  have  uiidergwiie  t«mplft«imsealion  frequently 
become  the  seat  oi'  secondary  deposition  of  calcareous 
aalts.  At  first  these  are  deposited  in  the  form  of  small, 
angular  granules,  which  later  uoaleBce  to  form  larger 
nodules  and  masses  ri'serabliug  euncretions;  in  tlio  end 
the  cheesy  liiiaDe  miiy  niidergit  Giitnplete  mineral  meta- 
morphosis, 

Anothpr  quite  frequent  termination  of  tlie  tnliercnlniiit 

{iroccsti  is  a  fihrotis  or  fibroid  change.  We  have  already 
earned  tliat  the  ao-called  epithelioid  cells  in  tubercle  are 
I  genetitally  fibnjblasts,  such  as  are  ««n  in  ordinary  granu- 
I  tetion-tissue  and  reprraent  derivatives  of  fixed  connective- 
I  tissue  and  endothelial  cells.  As  a  rule,  these  fibroblast.^ 
I  do  not  realize  the  object  of  their  development — i.e.,  the 
L  piDdnction  of  fibrous  connective  tissue,  bocnnse  the  toxic 
I  action  of  the  tubercle  fungi  leads  to  cheesy  nec^rosis  of  the 
r  entire  cellular  material  before  they  have  had  time  to  do 
I  Bo.  If,  iiowever,  the  tubercle  fungi  in  the  gmnulomata 
[  perish  or  their  virulence  is  diininishod,  the  tuliercle  may 
I  subsequently  renounce  the  specificity  of  its  inflammatory 
j  form  (von  Rindileisch),  in  which  case  the  epithelioid  cells 
I  produce  an  abundance  of  fibrons  connective  tissue.  If 
['the  center  has  already  undergone  partial  caseation,  the 
'  epithelioid  cells  usually  arrange  themselves  in  radiating 
I  Imes  around  the  cheesy  center,  and,  afler  the  protoplasm 
L  faas  disintegrated,  may  be  gradually  converted  into  tfln- 
L  nective-lissue  cells.  The  fibrous  intercellular  substance 
f  ibrms  communiciitions  with  that  of  the  adjoining  tissue, 
I  with  which  it  often  (^>ml>iiies  to  fiirm  a  loose,  retii'nlar 
I  tissue,  in  tlie  meshes  of  which  the  ronnd-celis  are  seen  in 
(  the  same  maimer  as  in  the  case  of  lymph-follicles  and 
their  relieuluni;  or  the  form.ntion  of  connective  tissue 
\  may,  from  the  beginning,  take  place  in  concentrically 
I  striated, 


Itmg  1 


!  depositioi 


e  kyers  of  oonoflotive  tJBBue  around  d*e  dieay  <y  j 


19. 


REPARATIVE  PROCESSES. 


Ililar  elei^^H 
iv  assume 
Jale    the 
laiiifil  by 


I 


cjileitic-d  ceiifcr  of  the  tubercrle,     AfieT  the  ■ 
tuents  have  disapjwared  tliisc(inn<.TiiM'  ii>-iir 
a   hard,  st-lemtic  character   and   rMiii|il.  i.  ly 
necrotic  focus.     As  :t  rule,  tlitfi  juvm  .—  i-  :ii  ..i 
a  secondarj'   ibniiation  of  new   uuhlilvuvc    li 
Dt;igbbiirli<jo<l,    which  joins    the    tibmuB    uijiBule  of  tl 
tubercle  uud  ultimately  leads  to  the  pitxluetion  of  tnasHi' 
layers  of  connective  tissue  with  diffuse  induraliou,  ex- 
tending over  large  areas.     Tlie  giaiit-cells,  aeccordiiig 
von  Rindfleisch,  also  take  piirt  in  tlic  formation  of 
tibruus  tissue  by  breaking  up  into  spiiulle-cells,  one  ft 
each   nucleui;,  arranged  iu  closely  jiacketl,  parallel  ruwi 
[Hektoen   has  made   similar   observations   in  regard 
giaut-ceUs  in  healing  tuberculous  meningitis. — Ei>.] 

These  indurative  processes  are  observed  chiefly  in  it 
lungg,  especially  in  the  apices.     As  the  formation  of  we 
coanectivG  tissue  causes  tnc  occlusion  of  numerous  lyiupi 
vessels,  thus  obstructing  tbe  channels  by  which  inhali 
foreign   bo<]ies  are  carriinl  nlT,  llu.'   inhaled   coal-pigmenC 
■  usually  forms  large  acciiriudatiiiiis  in  tii^'-c  Inrhiralivc  foci 
and  produces  a  slaty  or  hliK'kish  disnilMnninn  ;  hence  the 
process  is  often  designuleil  slut//   iaihindimi   (Plate  40).. 
Later  the  connective-tissue  foci  may  undergo  pn>gresBr 
shrinking  and  cause  markefl  cicatricial  retraction  of  tl 
affected  prvrtions  of  the  lung.     The  alveolar  spaces  ti 
still  survive  in  these  affected  areas  usually  do  not  « 
municate  with  the  afferent  bronchi,  lieeause  the  latter 
obliterated    by    the    cicatricial    ])roccss.       Accordingly, 
proliferation  of  the  originally  smooth  alveolar  epithelium 
taktHi  place  in  the  remaining  cavities  in  tlie  hings;  the 
cells  iK'come  taller  and  assume  a  culjoidul   or  nylindric 
shape,   and    the   alveoli    are    converteil    into   glaud-like 
canals  or   tnlw-s  ("a   tvpiral   epithelial    pnilifcrjtion"- 
Friedlander)  (Plate  40). 

3.  Syphilis. 

From  the  histnlngical  viewpiint  syphilis  also  belungfl  fc 
tlie  tiibercnhir  di.^^easi's,   and,  like  Inberctilosii*,  not  i 
causes   the   formation   of  lulKTcIes   [or   nodules, — Cd.} 
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but  also  leads  to  the  imKluution  of  iliffiiscly  dUtributMj 
eranu]iitiun-tieAii(<  in  the  boiJy.     Tin-  eii-cullod  jmiwiry^ 
lotion   or   iniiiiit  Mclfroni»   usually   manifests  itself  as  a 
simpk  inflammatory  foous  in  the  r<kin  or  in  the  affected 
mucous  niembnme.     The  papilliiiy  body  is  extensivelv 
iuHltrated   willi   iMund-wlls   and   leukwytes,  the   lihKwf- 
vessels  ore  inteuwly  injeeteil,  and  the  rete  Miiliiighii  als* 
contains   dense   nut^nscs  of  loulvooyten   wliich 
actual  perforiUions  in  the  layer  and  cause  the  eDmpleteH 
disappearance  of  tlie  ejtitlielinm  after  separalitjn  of   the 
stmtum  oorneum,   ultinuitely  pnxlucing  an    ideer  (Hiin- 
terian  chiinere).    Early  in  the  proccus  the  bl(H)d- vessels  of 
the   cutis  or   eubmucosa   become   the  seat  of  a   marked 
uccumuliition  of  densely  iiaeked   leukocytes.      Similarly  I 
the  so-called  xyphUiih   wnicb   ap|)Mir   (in   the   skin  and  i 
muomis  membranes  in  the  secondary  stage  present  nothing  d 
that  is  microscopically  typiial.     As  a  rule,  they  preseufi 
circumscribed    pnjl iterative    pnicesBes    in    the    papillary  I 
Ixnly,  with  bnli;in{r  (jf  ihe  epithelium,  which  at  the  same  \ 
time  often  under[:;ocs  niuUi]}lication,  and  both  corinm  and 
epithelium  an-  thickly  infiltrated  with  masses  of  round- 
cells  (roiii(;//omr-i  /iituiii ;  miicoKs  palcbeit). 

It  is  only  in  the  tertiary  stjige  that  sj'philis  manifesia 
the  characteristics  of  a  tubercular  disease.     CireiuuBcribed 
graniilomnta  develop  much  in  the  same  way  as  in  tuber- 
culosis, otlen    appearing  simultaneously  In  a  numWr  *>( 
organs,  as,   for  instance,  the  periosleum,  the   abdominal 
viaoera,  the   adventifia  of  many   bhwd-vessels,  the   soft 
membranes  of  the   brain   and   con!,  etc.     At  first  these  , 
tumors  present  the  greatest  similarity  to  the  granuluniattiu 
produced  by  tubercle  fungi,  being  composed   in  part  of 
epithelioid  and  round-cells.    Before  long,  however,  eertuio  I 
differences  become  manifest,  which  ni:ike  it  possible, 
nde,  to  difi'erentiale  even  \\\'-  yniniirir  r^ypiiililic  formations  I 
from  the  jp-nuinc  priMlm-ts  i>l'  liihenTilo^is,     The  chief] 

foint  of  distinction  is  iho  bcliavj.pr  of  the  btootl-vrsur/ji,  I 
a  genuine  fulHTcles — I.e.,  strnctures  (';uise<l  by  the  tnljeiv  ' 
cle  fungus — ;ill  the  preexisting  blofxl -vessel a  in  the  ana  , 
*  '  e  tubercle  early  Buffer  oodueion)  either  b 
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aummafrona  LIverof  a  New-born  Infant!  -^  2S0.]:  I,  LivM 

H'lU;  '2,  fat-vatii<.>k'ti  Jii  lIil>  lirer-cullzi ;  3,  cpillKlloid  cellK;  4,  |;irul 
evils ;  5,  crues^cctjiiiis  cf  uB)iilla[ie«  in  lliu  grsiiuluaiH )  0,  leuktvyt 
and  Quolcar  detritus. 


and  tliromboHis  or  by  tbe  encroachment  of  the  pmlifei 
live  process  on  the  endotlieliiini  and  the  prnducti 
epiUietioid  cells,     A  new  formation  of  blond- vessels 
occurs  in  tubereles,      On  the  other  Jmnd,  the  syjihilil 
granuloma,  or  ffitmrna,  as  it  is  called,  not  only  a<MsA  ni 
involve   the   blood-vessels  of  the  affected  tissue  [gui 
may  develop  in  the  advenlitia, — Ed.],  hut  is,  on  the 
trary,  characterizeil  by  the  fiirmation  of  new  blood-ve 
and  capillaries  which  ap|)car  at  t[i<.<  same  time  as  the  other 
cell.     This  capillnrizatioD  of  tliu  new  growth  is  procticHlIy 
always  observed  even  in  sharply  firi;um scribed,  nodular 
sypbilomata  (Plate  41).    The  epithelioid  colls  in  gummata 
are,  as  a  rule,  regularly  siuaUer,  I'onlain  less  protoplasm, 
and  are  spindle  shaT>i>(l  und  imrrower  than  the  analogous 
strnotnreH  in   tuboreles.     Tliey  are  also,  as  a  rule,  loss 
numerous  than  the  round-eel  Is,  which  arc  abundant  from 
tbe  b^inniog.     Among;  the  latter  the  polymorphonuclear 
leukocytes  predominate  largely;  occa.'uonally  large  groups 
of  these  cells  may  be  seen  at  the  very  cenWr  of  the  fc 
(Plate  41). 

Giant-eells  are  usually  mncli  more  sparingly  pi 
than  in  tubercles.  It  would  not  be  correct,  however, 
r^rd  the  presence  of  giant-cells  with  homogeneoi 
(necrotic)  centers  and  a  pillar  arrangement  of  tlie  nuol 
as  characteristic  of  tnlK>rculosis  in  every  instance,  u< 
Ui  base  a  differential  diagnosis  on  their  tiresonce  in  t) 
tissue;  under  certain  conditions  these  colls  may  be  ul 
served  in  precisely  the  same  form  in  syphilitic  gram 
lomatajnst  as,  on  the  other  hand,  they  arc  oflennltogctht 
absent  in  genuine,  especially  rapidly  growing,  tulierclea. 
It  follows,  therefore,  that  the  giant-cell  (type  of  Lan^ 
bans)  is  never  esclusively  characteristic  of  tuberculosis ; 
bat  tbe  presence  of  giant-cells  in  great  abiiinliinco  shouli' 
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always  urous^f  u  sii^pici'tii  of  a  tuberctilniia  infection,  wliiuh  I 
always  should  be  cotitirmed  by  the  finding  of  tiilwrcle  1 
fungi  [or  by  the  inoculation  of  guinea-pi{^. — Ed.].  It  \ 
seems  as  if  occasionally  coinbinutions  of  syphilis  and* 
tuberculosis  occur  in  the  same  granuloma  (l^umgarteu). 

The   luetic  granuloma   vm'  soon    evinces   a   marked '  | 
tendency  to  tibroua  nietanior pilosis,  which  is  much  more  ( 
frwjueiit  and  more  exU'nsive  than  is  ever  seen  in  tuIxT-   < 
cles.     Sometimes   the   entin;   nodule  is  converted  into  a   \ 
hard,   fibrous   mass;   or   there   ajipears  at   the  center  a 
cheesy-necrotic  focus,  the  periphery  of  whitrh  surrouuds   , 
itstilf  with  a  fibrous  conueoLive-tissue  sheath  derived  from 
the  epithelioid  cells,  and  is  at  last  inclosed  in  a  dense 
capsule,  the  connective-tissue  of  which  frequently  undcr^   ' 
goes  hyaline  change.     This  capsule  is  responsible  for  tlie  J 
hard,  clastic  consistence  of  the  entire  graiuilutiun  tumor,,J 
and  it  has  given  it  tlie  name  of  yummy  (india-rubber)! 
tumor.     Even  af^er  all  these  ciiuiiges  have  taken  place  itn 
is  almost  alwaya  possible  to  demonstrate  bloo<l- vessels  in 
the  fibrous  capsules,     [A  ratlier  chnract eristic  feature  of 
gumniata  is  the  irregularly  wavy  line  of  junction  l>ctweeu 
the  fibnius  capsules  and  the  caseous  contents. — Eli.] 

Finally  the  manner  in  which  the  cheesy  necrosis  makes   \ 
its  appearance  presents  certain  typical  differences,  quite   ' 
easily  rect^izol  after  a  little  practice,  thus  enabling  the 
observer  Ut  distinguish  between  syphilitic  and  tuberculous 
granulomata.     The  process  of  caseation  progresses  much 
more  slowly  in  the  gumma ;  the  accumulation  of  nuclear 
debris  is  never  eo  abundant  as  in  the  tubercle,  because 
the  disintegrating  nuclei  arc  always  completely  dissolved  v 
by  karyolysifi.     The  final  pnidnet  never  exhibits  the  com-  ■ 
pact  and  inspissated   character  of  a   tuberculous   cheesv 
mass ;  even  when  all  the  nuclei  are  completely  destn,>j"«i, 
the  rough  outlines  of  the  structure  of  the  original  tissue 
are  alwaj-s  in  the  main  recognizable.     The  bliKwI-vessela   , 
persist  a  long  time  and  may  contain  circulating  blood- 
corpuecles,  even    in    completely  necrotic  portions  of  the   I 
tissue.     It   is  nwdlcss  to  Riy  that  cheesy  gummata  also  . 
may   become    the    seat    of  calcureous    deposils    and   tliati 
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substance  may  undergo  (wmjilete  tHiknfita-J 


the  netTLitio  : 
tion. 

In  iiew-lwirn  int'anU  tbe  subjects  of  liereJitarv  liie*i,  viri 
cumst-ribetl  8y|>hililie  {^rumiUimuUi  may  be  dcmonslrated  i 
the  liver,  sonietiiiies  in   tlie  sploen,  in  flit-  lungii,  in  tin 
paiiereiis,  in  the  siipnirenal  ImhIIps,  and  in  tlie  kidneya^ 
lh«ee  gnnnlomalit  lio  not  difllr  in  their  eelliilar  niukc-iipi: 
from   the    alx)ve-<lt^scribe(i    noilules.      Mure    fretjuentlyJ 
however,  lieiwlitary  hies  manitests  itself  by  llie  preseiiof^ 
of    diffaaety    dktribulal    ffrauuUUion-iiasut;     which    alBfl 
preferably  attiicks  the  liver  and  tumctimct;  leads  to  o 
i^iderable  enlat^nient  and  induration  of  the  or^n  {AUat 
of    •Special    J'atiioloi/ir    Hlitutoyif,    Vol.    11.,    Plate 
Fig.  2,  and  Plate  73).     The  parenchyma  a]HMar9  fore 
apart   by   a   cellular   tissue    consisting   chiefly   of    larq 
spindle-cella  and  is  traversed  by  thin-walled  blood-v 
in  addition  to  the  production  of  dit!iise  grunnlalior 
circumserilied    granulomata    somelimc.'?    develop.       Thj 
blood-vessel  a  are,  as  a  rule,  extensively  involved  in  th^ 
production   of  syphilitic  granulation-tissue.     The  lai_ 
arterial  trunks  may  be  the  seat  of  eruptions  of  adveW 
titial  gummata,  wlnoh    in   tlieir  subeoquent   growth   eii'>l 
oroach   on   the   other   two  arterial   coals   and,  by   com 
prcasion,  narntw   the   Inmen    mort-   and  more  {AtUw  oj* 
Hl>eda}  Piilhoiw/ic  Hixtolmjjf,  Vol.  I.,  Plate  10  b.  Fig.  2U 
As  a  rule,  however,  the  change  is  limitetl  to  the  diffusr 
production  of  new  connective   tissue  in  the  intima  aiM 
media,  which  does  not  possess  the  same  tendency  to  fiitQ 
degeneration  as  the  connecHvc  tissue  produced  in  athei 
malosis  and  simple  arteriosclerosis,  and  therefore  reeaitt 
in  the  formation  of  an  extensive  fibrous  gn>wth  in  whicT 
hyaline  dc^neration  of  the  bnntUes  is  often  observed  (se 
Alias  of  ^jfciaf  Pathnhght  Hlntologi/,  Vol.  I.,  Arteritis). 
In  the  smaller  arteries  the  process  may  produce  complete 
occlusion  of  the  Inmcn,  often  with  conspicuous  prolifera- 
tion of  the  elastic  filwrs  between  the  newly  formed  t'       ^" ' 
of  connective  tissue. 
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3.  Leprosy. 

Lepra,  or  leprosy,  a  discoiit  causf^l  Uy  a  slinrt  Imoilhut 
disoovt-red  in   IfiSO  by  ArmautT  Uansi-'ii,  alwi  itiunitci«ta9 
itsiAF,  HA  a  rule,  by  tlic  pruductiun  (it'gninuluiuutu.     Tli(»e« 
niHliilar  iumiatioiia  arv  never  au  dUtiiiclly  cireiimBcrilted  J 
huwevcr,  as  in  tuben-iilin^is  and  sypliili-'^.     Thoy  do  n»tl 
take  the  form  of  »  "  tubercular  diseofie,"  ^^'-'  l^i^H^iia  l)oiiig,9 
as  a  rule,  quite  iliS'usc',  apjieariii^  un  ix^rtain  luueous  in 
branes  and  on  tbe   (^xUrnal   tikin.      The  nasal   mm 
membraDe  is  involveil  incirt?  prominently  than  any  other! 
mucous  surface,  anti  is,  in  fjiot,  n-jfarded  as  the  usual  jtort 
of  entry  of  the  lepra  fungus  (Sticker).     Tlie  bat-illi  are 
usually  imbedded  in  tiic  form  of  bundles  like  Imiiclies  of 
cigars  in  large  mulliiuiclear  wlls  with  an  abundance  of 
protoplasm,  which  are  probably  derivwf  from  prolifemtttd 
fibroblasts.      The  cutaneous   enlargt-meiits  are  itroduccd 
chiefly  by  masses  of  lai^,  spin^lle-sliaped  ana  stellate 
fibroblasts,   which   are  later  joined   by  numerous   ^mnll 
round-cells,  but  rarely  by   leukocytes.      The  giant-<x.'llg  1 
seen  in  the  lesions  'if  lejirosy   usually  consist  of  large  ^ 
clumjts  of   protoplasm   with   numt^rous   vacuoles.      TheJ 
epidermis  overlying  these  areas  of  cellular  proliferatintJ 
may  exhibit  increa.setl  thickness  of  individual  layers,  espr-j 
cially  of  the  strnlnm  comeura,  while  in  tlie  rete  Malpigniil 
tlieappeanince  of  the  nuclei  and  the  formation  of  vacuoles  1 
are  observed.     The  bacteria  often  eollcpt  into  enormous  ] 
masses  or  in  the  form  of  spheric  ehimps  of  zoogleji.     Th&  i 
formations  usually  cause  increased  lliiokuess  of  the  skin,  J 
which  is  thrown  into  folds  and  more  pnuiouncttl  irregu-^ 
larities,  assuming  a  pasty  ajipearanee  fnmi  the  formation^ 
of  numerous  vacuoles  lilieil  with  fluid.  I 

In  most  cases  the  nerves  are  invaded  pn>min.«ntlv  by  I 
bnctorin;  the  bacteria  for  the  must  part  are  intnicelitilar  I 
and  ix-netrate  the  perineurium  as  far  as  tbe  sheath  of  1 
Schwann,  gradually  causing  disintc^rratiuii  nf  ihc  axis-  1 
cylinder  and,  of  murse,  interriijititifr  ihc  niudix'iion  of 
the  affected  ner\'es  (anesihvik  Ay.cw,).  .Snrn'times  re-  < 
^  generative  plieuomcna  are  oliserved  in   the  ncrv|U|j|^l 
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Fia.  1. — Actlaomy  costs  of  the  Pleura  (AJum-cochinoal;  Oram. 
X  12.) :  I,  Cuiitrul  iii.-lwiirk  cjf  tbrvnUii ;  '2,  rayit  of  the  ootiuoniyceiisl 
kernnh  covered  ivilli  flub-^liajn-ii  It-niiiiintitms;  3,  in'cunmliiUon*  rf 
li'ukwyWt  ^^.llIld  llif  tlin:udf  ;  J,  tu'wlj- rormisl,  LV.Tiwiiti-i™ll.vstriut«l 


Fig.  :!.— Teased  Preparation  from  Actinomycotic  aranuU> 
tion-tisBue,  with  Numerous  Finger-shaped  Clubs  ^  • 

¥ui.   3,— Bothryomyces    tiranules    from    Botfaryomycd 
QranulaUoa- tissue  (rom  the  Lung  of  a  Horse  {  -  2UU.  |. 


ray  fungus  [more  priii)e 
•ule,  flif 


multiplioatiou  u!'  tliu  nuclei  in  tlie  sheullis  of  Ht^bnai 
tBalxs). 

4,  Actinomycosis, 

The  disease  caused  by  the 
ray  fungi. — En.]  is  alsi,  as  a  rule,  characterized  anatoia 
icially  by  tlie  dcveiojiment  of  ditTusely  distributed  granu<^ 
lutiun-t issue.    The  Jiiiigoui^  clumps,  ctmsi&ting  nf  a  eeiitrnl 
inaAs  of  threads   and  i»eriphoral  rays  with  eliili-shaped 
tcnninutitins  (Piute  42,  Fi^.  1   and  2),  are  imbethk-d  in 
dense  ntvumulatiuus  of  leiikoevtes,  which  nften  exliihit  an 
advanced  degrei'  of  fatty  ilej^nemtion.     Thi-se  ma^es  of 
leukcicytw  are  so  distiuetly  circumseriljed  and  so  nbtindant 
that  they  give  the  ira|ircssion  of  genuine  abscess-cavities. - 
They  arc  Winnded  externally  by  embryoiial  connM  * 
tifwue,  evidently  of  recent  prodiictiou,  whicli  is  compi 
of  the  now  familiar  («nslitueiit«,  fibroblasts  and  a  vati 
Dumber  of  round  cells  (Plate  42,  Fig.  2).     Newly  form 
bloitd -vessels  may  also  be  present  in  eonsidendjlc  nuoibt 
As  a  rnle,  if  filx-rs  have  alrrndy  been  fiirmrd,  this  c 
ncetive  tissue  cxbiliils  a  distinet,  cfineentric  strinliim,  thfr  * 
ncuiy  liiy.Tf-  i.f  wbit-h  adajil  tlicnistlvea  to  tlie  jiiirflic-i> 
llic  snijiil    [ni!-cavilics.     In  voung  fungous  eliinip-^.  >i 
riuinih'<l  by  oidy  a  Fii.idcnile'accumidalian  of  lenkoi-yt 
giant-iTll.-'   are   occa>.ioiialty   rt'cognizcd,      Simetimes   ; 
opportnnity  of  studying  the  entrance  of  the  fnngi  into  t1 
tlssuen  of  the  bo<ly  more  acctiralcly  is  atlonloi ;  for  "^ 
bodies,  usually  of  a  vf^etahlc  nature,  such  as  beards  \ 
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\  ditferenl  kimls  of  cercnlK,  frnjruieiits  of  gniss,  ami  the-  like, 
I  limy  be  tuunri  iu  the  graniirattoD-tiaBUe,  am!  from  these  j 
I  foreign  bodies  tlie  ray  fungi  are  seeti  growing  into  the  I 
I  surrounding  tissue.     Vithin  lliese  vc^tablc  foreign  enb-  ] 
1  stances  the  proliferating  ftingi  are  seen  to  (xiuslet  cxclu-  1 
I  sively  of  tbix'uds ;  but  wherever  they  project  beyond  the 
I  walls  of  the  vegetable  structure  and  come  in  contnct  with 
I  the  adjacent  tiisaues  of  tlie  body  llie  tlu-eacis  at  once  tlimw 
I  out  the  club~!*haj)ei!  enlargements,  like  cape  Hurinnnnting 
I  their  extremities,  showing  thai  tiie  [K'nomenon    represents 
I  a  kind  of  protective   aetioti   on    the   part  <il'  the   micro- 
I  organism  ngainiit  the  injurious  intlnences  of  the  juices  and  , 
cells  of  the  IxKly.      [In  certain  forms  of  nctinomyetwis  j 
club-shap<'d  enlargements  of  the  ends  of  the  threads  may  | 
not  form. — Ei>.]     As  the  new  formation  of  concentrically  J 
I  striated  wmnective  tissue  progrcfiscs  aetinomyititic  graim-  j 
I  lomata  maybe  (inverted  into  a  hard,  eieatriciul  ti^ne;j 
I  the  fungous  elunipf  may  perish  in  the  organism,  and  then  1 
I  usually  uniiei^i  a  kind  of  adeitication,  although   their  ' 
I  shape  ia  not  at  first  affected, 

I  [Occupying  a  place  intermediate  between  typi«d  uctin- 
nmycdsis  and  tuberculosis  are  a  number  of  actinomy- 
(*lial  diBeapes — (.  f.,  infectious  caused  by  brjncbing,  fila- 
mentous fungi,  some  of  which  are  distinctly  acid-proof. — 
EdJ 

There  is  another  form  of  granuloma  which  is  in  many 

i respects  f>imilar  to  aclinomyeosts  and  occurs  chiefly  in 
horses,  beginning  usually  in  the  stump  of  the  spermatic 
cord  in  geldings ;  it  is  characterize*!  by  tlie  formation  of  a 
hard,  brawny  tissue  containing  numerous  abscess  cavities. 
Within  the  cavities  characteristic  c!iinip8  are  found  of  a 
fungus  which  is  called  bothrymnyceg  (Bollinger).  The 
entire  process  received  from  its  discoverers  (Rivolta  and 
Johne)  the  name  niycodcamm'tl  or  mycnjibroma.  It  occa- 
sionally gives  rise  to  metastasis,  and  may  then  lead  to  the 
formation  of  multiple  deposits  resembling  fihrfimata,  csi>e- 
cially  in  the  lungs,  containing  lai^e  and  small  eollcctiona  j 
of  leukocytes  with  fungous  clumps  imbedded  among  them  I 
"~  ■"'  The  latt^  take  the  form  of  irrq;nlw^H 
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IoIhiIiuH,  (iadurctl  -triK-tiirR*  n^isembling  MuHflowcr  (PUfJ 
4*2,  Fi),'.  .3j.  Willi  Miiii.l.l.-(iii[i..f;rainVfi.riiislaiurL>,Uu 
possible  to  tifiiiini-u;iuvviiiiin  tlir-.' slriK-liiri's  iDnuiiierabl^ 
sphcriir  dpmciil.-i  >\t'  miitiirni  -i/. ,  -ni-riiiiii<lfii  l>y  n  v 
rapmbraiie.  Tht-y  liave  aLi.i>r(ii!if;ly  bcLii  intirprt-ted  I  _ 
many  aullmrii  an  zoiigluiii  ui'  'SttipUi/locoaiis  p!fogena 
aureux  (Kitt).  [It  is,  therefun-,  prubulile  tlmt  this  dW 
caxe  Ls  luit  et i Illogical)  I y  n-l)ite<l  to  aotiiiomyuteis. 
situilnr  <)i:i«isi-  of  ivA  yet  tiiikiiown  etiolnfjy  otnirs 
Hwine,  c^jx^i-ially  in  tin-  !>luiiip  of  tin-  sjHTtnaiir  iiJixl  attd 
itU'tratioti.  Ilcrt',  nicntinii  sLuuKI  Ix'  iiiiule  i>l'  blastomy^ 
cosis  ((jilcbri^l),  »r  oidiomycosis  I^Kirketltil.aolinui' 
fcctioD,  esj)«'.ially  i>t'  x\w  skin,  cnnsi.'ii  by  fimi^  whit 
llie  Iwiions,  appciirumlouhlf-c'inloupril  and  budding  y 
like  Iwdies,  but  whii'h  in  cwltun-j;  may  form  liypbte.  Hi«| 
tiilogically  tlie  losioiis  bear  Hjmp  resumblanfc  to  tnberclee 
but  there  is  no  <'aseation,  and  there  arc  miliarr*  acciiinnl^ 
tions  of  polymorplio nuclear  l«ukocyl*«.  (See  Ricketti 
Oulimt/rmtM,  Blnnlninyeonin  of  Uic  Skin  rinit  its  Fniiffif  am" 
Diirok's  Sfin-iii!  PiiOiology  and  llistolotfy,  section  on  I" 
Skin).— Ed.] 


The  Utiii  tumor,  iiHijilurtiii,  i>r  blastiniit'  is  applkil  1(»   . 
more  ur  lesa  piruuniscribttl,'  Hii{K-rfliu>UM  new  rurrtiatioiiN  J 
I  of  tissue,  growing  imieiifiHk'ntly  an<i  without  any  pliysi- 
olt^ic  limitutiun,  which  ut  no  timt^  of  tlicir  existence  form  i 
itit^'grot  purts  of  the  organi.sm,  and  as  tliey  grow  are  from  j 
'  the  uutHi-t   quite    indojiendent   of  functionating   organs. 
It   is   ("vident   fn)ui    this  deiiuitiou  that  the  domain  of  ■ 
tumors  touches  ut  certain  points  that  of  other  progressive 
tisKue-rejietions.     Tliis  is  the  casi-  as  regards  regeneration 
'   of  destroyeil  tissue  ;  but  we  have  already  Been  (see  Kcgcn- 
enition)  that  the  prf)Uf'erutioii  which  follows  wounds  anil 
I  destruction  of  organs  gfjes  on   to  a  definite  plij-siologic 
'  limit,  the  defect  hcing   either  more  or  less  completely 
I  made  gix)d  by  specific  parenehymatoua  tissue  tapable  of 
I  function,  or  the  original  tissues  replaewl  by  an  indifferciU  ] 
'  reparative  tissue,  whieh  takes  the  place  of  the  ori^nal 
I  cells.     In  the  second  plaoe,  the  line  must  be  drawn  be- 
tween true  tumors  and  eertain  inftanimatory  tiissue  pn>*  ] 
liferatinns  wiiich  may  often  be  associated  with  considerable  I 
Increase  in  vohnne,  and  esptwially  with  the  formation  of  T 
cirpumscrilied   foci   of   proliferation.      This   takes   place  j 
chiefly   in   the  8o-ealle<l   infectious  granulomata,   which 
formerly  were  Included  among  the  neopla^ 
In  order  to  make  the  distinction  oleai 
I  tomary  to  include  among  genuine  neoplasmn  only  those   I 
I  new  formations  of  tii^ne  in  which  a  specific  tispue-renction 
i'  to  the  invasion  of  an  infectious  agent  (such  us  the  poison 
1  of  tuberculosis,  syphilis,  glanders,  lepra,  cle.),  can  !«■  ex- 
I  eluded,  at  least,  in  the  liglit  of  our  present  knowledge. 

Some  investigators  have  regarded  niicniparn sites,  either 
I  bacteria  or  i>rotozoa,  and,  in  quite  recent  times,  especially 

<  Not  nH  tuninn  preeenl  tile  jiicture  «f  a  cirrumHcrihed  new  fornio-  J 
n  of  dtuuF.     Theiv  an^  hIsii  genuine  nenplHHtns  in  t^e  Epniu*  tnt 
,68,  for  einmple,  whii-h  apjiair  ii>  (lifl\it-e  growth*.  extMidSng  if 
^-B,Middo  not  Bluny  point  pnidutc!  a  true  "'       ' 
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blastomycclcii,  as  ttic  flioU^ic  iigt^iits  in  the  |inKluftiun  ( 
tuniorH;  Imt  the  tlwiry  iias  not  swi  fur  bten  |in>vctl  ilfrJ 
single  gt^'nuino  tnuior.     Nur  lint;  ilie  att4?iiii>i  i<>  {mKluccI 
liinior  nrtifieially  by  tlie  ex|terinii'nfjil  intrixl nation  of  bihT 
tonus  of  life  so  far  proved  i^ucce^ful. 

Tiie  essential  dift'creiice  betwt-on  inft^rtioitti  growths  a 
geniiiDe  tumors  is  tijat  when  the  furiiier  are  n-prfKlucwi  l! 
metiislasis,  the  iMiiisUe  ifelf  is  tainveyed  in  the  blood  » 
incit«?»  Bt  thi-  nit'tastatie  situ  new  formation  of  tissue  s" 
to  that  of  the  parent  gn>wth  ;  wliereiis  in  the  ca 
genuine  tumors,  nietjiftiibis  takes  plaee  by  (he  trans|)lauU 
tiiin  of  a  part  of  the  parent  tnnuir,  wliicli  tlien  lH.'^ns  Ij 
proliferate  independently  at  the  new  site. 

Broadly  spfiaking,   tumors  are  <^mf>ose(l  nf  tlie  f 
elements  as  itie  normal  ti.s.>'uesof  organs;  hut  there  i 
general  tendency  to  llie  perni-stenc*'  of  eudirvonic  nella 
immature  forms  of  tirwne,  especially  in  the  tumors  v 
originate  fiiim   the  t^onnecti  vMissue  group.      As  a  ruH 
si'veml  different  kinds  of  cells  are  necessary  for  the  pnq 
duction  of  a  tumor ;  ynlv  in  exeeptinnal  eases  is  U  tu 
built  up  of  only  one  kind  of  cells,  and  eveu  in  those  C 
tlic  formation  of  a  vascular  system  to  supply  the  i 
formed  cell -com  pi  exes  is  nfiuired  and  is  effected  by  t 
simultaneous  growth  of  blood-vessels. 

Tumors  are  classified  nccordinc  to  (Jie  various  dsa 
elements   and   kinds  of   tissue   tliat   take   part   in  tttetr 
formation  ; 

!.  Tumors  of  the  'Wiiiecth-e-ti'aiuf  f/roup.  These  neo- 
plasms grow  from  mesodermal  tissue  germs,  in  so  far  as 
the  latter  form  the  supporting  framework  of  organs.  As 
tliey  cousiat  of  only  one  kind  of  tissue  and  never  imitate 
the  structure  of  a  complete  organ,  they  are  otlen  desig- 
nated hinlovl  tumors.  ~ 

2,  Tumfirs  formed  chiefly  by  the  pi-oltfcmtion  of  e^ 
Hill  et-lh.  As  these  cells  are  incapable  of  forming  1 
aggregations  unless  they  are  traversed  and  nourished  I 
bloiHi-vesaelB,  because  tfiey  would  otherwise  very  soon  c 
for  want  of  nutritive  material,  these  epithelial  miiSB 
r^^larly  contain  a  more  or  less  abundantly  de\'el€>[ 
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I'rascular  supporting  tissue  (stmtna).  Owing  to  this 
lurangement  the  structure  of  these  tumors  tiiucli  more 
MvidTy  eu^esu  the  liistnlogic  picture  oi'  functionating 
'organs  tliau  does  tliat  of  tlie  simple  conntt^ive-tissue 
tumors;  for  it  is  possible  to  distinguish  a  tumor  paren- 
chyma, as  it  were,  wpresented  l>y  tlie  aggrcgutious  of 
epithelial  cells,  and  «  stroma.  This  group  of  tumors  is, 
therefore,  also  called  the  group  of  orgxiimd  tumors. 

The  entire  absence  of  any  physiologic  function  is  not 
an  absolutely  indisjiensable  characteristic  for  the  definition 
of  a  neoplasm,  and  in  many  oi^notd  tumors  secretory 
processes  may  be  observed,  such  aa  arc  otherwise  present 
only  in  true  oi^ns ;  thus,  for  example,  tlic  Ibrmation  of 
igoblet>-cells  and  the  production  of  mucus  by  these  eelk  in 
adenomata,  the  production  of  hilcpigment  in  glandular 
tumors  of  the  liver,  and  so  on. 

Mixed  lumoi-».  The  parenchyma  of  these  tumors 
may  consist  of  a  gresit  variety  of  tissues,  which  may  be 
in  [lart  highly  differentiateil  and  may  belong  either  to  the 
connective-tissue  grtmp  or  to  epithelial  structures.  These 
tumors  are,  therefore,  extremely  comjilex  in  their  structure, 
and  are  known  also  as  "  teratoid  "  tumors, 

A  subdivision  of  this  group  embraces  tumors  which 
not  only  are  composed  of  different  kinds  of  tL-wue,  but 
harbor  within  their  substnnce  true  organs  or  rudiments  of 
oi^ns.  These  tumors  are  trailed  ta'atomato  (miraculous 
tumors),  or,  since  they  owe  their  origin  exclusively  to  the 
displacement  and  inclusion  of  aberrant  germs  in  embryonal 
life,  they  are  also  designated  "  ejiihrpomafa." 

Their  identity  with  tumors  octmrring  in  postfetal  life  is, 
therefore,  altogether  external. 

While  this  classification  is  useful  from  a  practical  stand- 
point, it  cannot  he  denied  that  it  lacks  biologic  foundation 
and  cannot  be  carried  out  rigomusiy  ;  for  the  word  "  epi- 
thelium" does  not  refer  to  a  special  cell-form,  but  is  in- 
tended solely  to  describe  a  certain  aggn^tion  of  cells  fur 
covering  a  surface  or  lining  a  cavity.  In  itself  an  epi- 
thelial cell  may  present  exactly  the  same  appearance  as  u 
itODHective-tiseue  cell. 
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callnl  "  malignant "  tumors  quite  impossible,  to  dotermine 
accurately  in  what  normal  tissue-«eils  the  ueoplasiii  has 
had  ite  inception.  If  the  outline  ut'  the  individual  cell  is 
taken  as  a  guide,  the  neoplasm  may  equally  well  be 
regarded  as  an  epithelial  or  as  a  cimnective-tissue  growth  ; 
it  is  putisihle,  however,  to  determine  whether  the  cells  are 
arranged  in  a  continuous  "epithelial"  aggregation  op^ 
whether  the  cellular  elements  are  separated  from 
another  by  an  interct'llular  substance.  In  the  foi 
case,  the  presence  of  a  stroma  arranged  in  the  form 
meshwork  results,  generally  speaking,  in  the  productiou 
of  tumors  of  alveolar  structure;  in  the  latter  case  the 
structure  of  tlie  neoplasm  is  utnny  diffuse,  although  it 
would  be  imjwssible  in  every  individual  c^ase  to 
whether  the  growth  started  in  true  epitliclial 
nective-tissue  cells. 

The  shape  of  the  cell  alone  vivM  never  be  taken  aa 
criterion  by  vhteh  In  judge  the  genems  of  a  Innun-.  Hence 
therp  is  no  snch  thing  as  a  "  carcinoma  cell "  or  a  "  sar^ 
coma  cell " ;  the  tyjie  of  a  tumor,  whether  it  lie  i-pitlielial, 
connective- tissue,  or  mixed,  can  be  determined  piisitively 
only  by  the  arrangement  of  the  cells  wiili  n^anl  to  one 
another.  For  liiis  reason  extreme  caution  is  necessary  in 
giving  an  opinion  on  the  character  of  a  lumor  from 
examination  of  isolated  tumor-cells. 
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Even  the  term  "ppithelioid  "  cpU,  BUeResled  l.y  Virehow  for 
telle  in  laberel's,  was  not  intt'ndt-d  l"  dnsignuli;  a,  epetiul  form  of  " 
but  mi-rfly  the  cuternBl  (Mivering  "f  thwe  grBnulomala  by  larg^ 
mnlic  cvWf  n'M-nililing:  t)iilheliiim. 


All  (he  cells  of  the  oi^nism  possess  tbe  fiicnlty  of 
coming  the  starting-point  of  tumors.  The  exciting  cause 
for  the  production  of  the  sudden,  independent  growth  of 
a  special  cell-complex — i.  f.,  the  ultimate  cause  of  tumor- 
formation — is  a  question  about  which  we  are  still  totally 
in  the  dark.  It  seeras  reasonable  to  assume,  however, 
that  those  celb  which  form  the  beginning  of  a  tumor  lose 
certain  specific  faculties  to  form  organs ;  in  a  sense 
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*  are  reduced  t«  a  lower  level  aud  suffer  a  cliange  the  re- 
verse of  differentiation  l^mUiifferenderung. — Eli.J  and  lose 
the  power  of  transmitting  to  their  descendantt^  the  prop- 
erty nf  acting  as  functional  units  in  the  oiganism.  Instead, 
lliey  place  themselves  in  a  more  or  less  far-reaching  eman- 
cipation from  the  parent  organism,  and  from  that  time  on 
becftme  a  nseless,  wiiperfluous,  or  even  directly  hostile  and 
destructive  formation.  This  functional  separation  from 
the  matris,  which  frequently  finds  its  morphologic  ex- 
pression in  mollifications  of  cell-proliieration  and  cell- 
lormatioD,  has  been  called   by  Hansemaun   cellular  an- 

B     The  extent  to  which  the  cells  of  tumors  deviate  mor- 
"pbolcgically  from  the  cells  of  the  matrix  is  extremely 

variable.     In  the  simplest  cases  the  tumor-cells  preserve 

their  original  shape  and  arrangement. 

Thus   fibroma,  for  example,  is   usually  composed   of 

typical  connective-tissue  filters  and  cells;  a  carcinoma  of 

tlie  stomach  representj*  a  reproduction  of  the  normal  cylin- 
:  dric  ceils  ;  epithelial  tubes  containing  goblet-cells  are  fre- 

qnently  found  in  cancer  of  the  intestine;  and  in  certain 

fcrms  of  skin  cancer  all  the  epithelial  layers  of  the 
,'  epidermis  are  fully  developed. 

On  the  other  hand,  the  character  of  the  cells  in  the 
I  neoplasm  may  present  great  modifications,  and  in  such 
L  cases  the  shape  and  arrangement  of  the  tunior  elements 
\  aflord  no  information  whatever  in  regard  to  the  nature  of 
L  the  matrix  ;  for  some  cylindric  cells  may  suffer  metamor- 
l  .phosis  into  cuboidal  or  polygonal  cells,  and  may  even 
vappear  in  the  tumor  as  squamous  epithelial  cells,  as  in 
f  many  cancers  of  the  uterus. 

It  follows,  from  what  has  \teen  said,  that  the  modifica- 
1  the  tissue  of  a  tumor  and  its  deviation  from  the 

iielnlogic  character  of  its  matrix  are  very  much  more 
Fpronounced  in  some  cases  than  in  others.  A  general  dis- 
r  tinction  is  made  between  neoplasms  which  reproduce  or,  at 
I  least,  imitate   the   stnicture  of  the  matrix, — hcmologoHg 

tuninrg — and  those  which  fail  to  exhil>it  any  analogy  with 
3 matrix — lii-Urolo^'Aia  tumors.     Histoid  as  well  t 
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gaiioit)  i]«)plafiti]$  may  be  liomulogous  or  hrteroloj_  ^ 
lumore ;  for  il  is  nlivious  that  a  (.'hondronia  starting  in  the 
cartilage  of  a  joint  rei«ats  the  structure  of  tlif  organ 
wliidi  Rjniis  its  starting-jKjint,  in  the  same  wav  as  uu 
adenoma  of  tlie  iiianimarj'  gland,  for  example  ;  while  in 
the  tase  of  a  rotind-cell  aareoma  of  the  periosteum,  for 
exumple,  or  of  a  tan-inonia  of  some  gland,  this  stniot^iral 
aiialogY  is  not  observetl.  It  is  not  always  an  easy  matter 
lo  determine,  in  a  given  case,  from  the  histolt^ic  sn-ueHifl"" 
alone,  whether  a  tumor  is  homologous  or  heteroI<^i]»j'4 
simple  papilloma,  fur  example,  may  .sometimes  exhibti^i 
typical  epilhelifll  pniliferation  and  differ  widely  from  t]lf 
pictnre  of  its  parent  tissue,  and  yet  it  would  have  to  be 
regarde<l  a«  a  homologous  tumor;  and,  eonverj^ly,  it  may 
be  diffic'idt  in  the  case  of  a  eaiioer  of  the  external  skii^ 
to  recognize  the  heterologiius  nature  of  the  structure. 

Id  general,  a  heterologous  tumor  is  one  in  which  \ 
cells  have  undergone  a  metaplasia,  Imt  the  two  terms  1 
not  quite  synonymous;  for  even  in  a  L-arciuoma — for  in-" 
stance,  a  goblet-cell  carcinoma  of  the  intestine — cellular 
metaplasia  may  be  very  faint,  as  we  have  already  shown. 

On  the  other  hand,  it  ie  altogether  wrong  to  use  the 
terms  "benign"  and  "malignant"  ae  equivalent  to 
"  homologous  "  and  "  hetendogous."  These  terms  should 
be  avoided  altogether  in  re|»orts  of  histologic  exami- 
natione;  for  a  tumor  is  regarded  as  malignant  when- 
ever it  can  be  shown  that — (1)  It  encmaehes  upon  niid 
destroys  neighboring  tissues  (the  lienirudive  etfeot  ()n  the 
neighborhood  of  mere  pressure  is,  of  course,  a  difierr-nt 
matter) ;  or  (2)  that  it  ^ves  rise  to  metastasis  and  local 
return  after  nmoval — recidivation.  Now,  it  is  to  he  re- 
mcmlKTcd  that  practically  every  known  tumor  may,  under 
occasional  circumstances,  give  rise  to  metastasis  and  thus 
register  itself  as  a  malignant  growth ;  for  this  has  oo- 
enrred,  in  rare  instances,  even  in  the  cases  of  fibroma, 
myoma.  I'hondroma,  nnd  adenoma.  We  only  know  em- 
|)irir;illy  ihnt  the  so-called  homologous  tumors  wntallif  do 
tioi  trivr  Hm'  to  metastasis ;  but  there  is  not  one  single 
iniiiluiiik  I'liiture  by  which  it  would  Ije  [lossible  to  (jlet^ 
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mine  frum  llie  liiatolugic  examination  of  a  tumor  whether 
it  is  benign  or  malignant,  [fjenerally  speaking,  the 
ureaence  of  iiuiiu-rous  mitotic  figutts  in  the  cells  of  ft 
neteroI<^iifl  tumor  is  regartled  an  an  indication  of  malig- 
nancy.— Ed.] 

All  that  can  be  said  iu  a  given  caise  h  that,  so  far  aa 
appesirs  fmni   the  microBcopic  examination,  we  have  to 
deal,  for  exiimple,  with  an  a*Ienoiiia,  and  that  wc  know 
that  in  the  great  majority  of  tustanecs  snch  a  tumor  ia 
benign ;  hut  eviu  the  most  experienced  examiner  will  not  j 
venture  to  guarantee  that  the  tumor  will  prove  benign.  I 
Conversely,  tumors  rlmracterized  by  a  heterologous  struct-  | 
ure  anil  extensive   metaplasia   of  their  cells  eometimvs 
couthlue  to  hehuve  elinieully  like  beuign  tumors,  at  Imst  | 
tor  a  long  time.     It  is  oeedless  to  siy  that  the  Itenignuucy 
or  malignancy  of  a  tumor  deiR-uds  to  a  great  extent  upon  its 
Beat;  thus,  for  example,  a  tumor  which  in  itself  is  beuign 
— t.  e.,  is  not  destructive  in  its  growth  and  does  not  give  I 
rise  to  mctuHtasis — may,  if  it  be  situated  in  the  brain,  , 
have  tile  significance  of  a  malignant  tumor  as  regards   , 
health  and  life  {t/iMod  valetwiinem  ef  ijwmul  fitam). 

The  growth  of  lumors  follows  the  same  laws  of  cell 
proliferation  as  the  growth  of  normal  tipsue  or  tissue  in 
the  process  of  regeneration.  Accordingly,  karyokinelic 
figures  are  oflen  observed  in  the  tumiir-<H>lls,  and  it  may 
be  said  that  the  frcfpU'ncy  of  thi-4  phenomenon  is  a  good 
criterion  of  the  nipidity  of  the  tumor's  gri)Wth. 

The  i«>sition  of  the  ]»rolifcrat ion-axis  of  the  cells  en- 
guge<l  in  niiliitic  division  is  not,  however,  a  trustworthy 
indimliiin  of  the  malignancy  of  a  tumor ;  for  the  axis  of 
pniiiferation  of  the  diviiling  cells—),  r.,  the  lino  which 
connects  the  two  ceutnjsonies — may  iKvnpy  any  lilreetiou 
in  space,  even  iu  normal  cell-divisiou. 

In    mpidly   growing    and    e!?(>ecially   in    heterologous 

tumors,  tliere  fretjoently  ocenrs,  in  addition  to  the  regular 

milosis,  anomalous,  indirect  division  of  both  the  nucleus 

and  the  cell-b«lv.  presenting  another  difference  between 

.  .tliiaor-ceUs  and  normal  cells  of  urgaoH.    The  irn^iIaritieBj 
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affect  tx)th  the  acliromutiu  substance  and  the  t'liroinatin  a 
the  Ducleus.     An  regards  the  fitrmw,  instead  of  the  t"  ^ 
lar,  biixilar  niitogis,  it  is  not  uucomnion  to  find  mitCM 
presenting  three  or  more,  and  wtraetiiues  iiimimarable,  t 
traction-spheres  or  ceiitrosomes,  in  whysli  the  rearr 
ment  of  chromatin  gives  rise  not  t*i  two,  but  to  a 
spondingly   large   tiuuil>er  of   nuclei.      These   abnoro 
kurv'okinetic  figures  are  culled  multipolar. 

Quite  frequently  eel l-<li vision  fails  to  keep  pace  i 
the  division  of  the  nucleus,  and  {wlyuuclear  evils,  po^ 
karyocyUs,  or  giinil-cella  are  produced. 

Irregularities  are  even  more  frequently  obsi'r\'ed  in  the 
nuclear  chrooiatia  in  tumors;  for  the  "fragments,"  nuclear 
rods,  or  chromatosomes  which  result  from  the  niother- 
skein,  or  spireni,  oAen  exceed  the  normal  either  in  number 
or  in  size  (sometimes  very  greatly),  or,  on  the  other  hand, 
may  be  below  the  normal.  In  the  former  case  we  speak 
of  fiypereliromatogis;  in  the  latt*T,  of  kyp<x'hrovuilo*i»  of 
the  nuclei.  Hyperchromatic  division-figures  fret|iiently 
present  the  picture  of  irregular,  exceedingly  lai^e  rosets, 
and  are  called  gimd  mifoges;  they  sometimes  consist  of 
hundreds  of  individual  chromatosomes,  distributed  eitbef 
between  two  or  among  three  centrosomes.  Very  rardH 
and  practically  only  in  carcinoma,  astfmmelrtu  mitoaatif 
observcti,  in  which  the  two  resulting  daughter-stars  reoen* 
a  different  quantity  of  chromosomes.  It  is,  tberefori 
important,  in  judging  a  si>ecimen,  to  remember  that  t  ^^ 
nuclei  in  process  of  division,  if  they  are  cut  obliqudj^ 
sometimes  simulate  asymmelric  mitoses.  The  liypochpo- 
matic  miciei  are  distinguLxhed  by  their  small  niimlier  of 
chromosomes;  or  the  chromosomes  themselves  may  l>e 
unusually  small,  with  short  and  very  thin  loops.  Some? 
tim«i  particles  of  chromatin  that  have  not  been  ueedi 
the  division  and  have  become  displaced  are  found  i 
the  mitotic  nucleus,  a  ]ihenomcnon  which  ocours  iii  o1 
patholt^ic  processes  and  occasionally  even  in  normal  o 
division. 

A  knowledge  of  the  relation  of  tumors  to  the  adjat 
tissue  is  of  the  greatest  importance  for  ihe  understand! 


21S 


I 


of  their  hi. ilugit'   piifiilioti.      The  cliipf  cbamottTislif  ol' 
genuine   tumors   is   tlieir   high   lU-grw  of  indcpenilciicc. 
Their  enlargement  is  not  the  result  nf  ji  slnuiltaiieous  or  \ 
Buctesflive  homologous  pnjiiferation  of  contiguous  ixirtitina  j 
of  tissue — /■  c,  the  aiimt-  hvperplastip  prowss  dot- 
extciid  over  a  large  area ;  ou  the  eontrary,  in  almost  every 
case  it  may  be  assumed,  if  it  eiinnut  lie  aetually  demon-  ] 
etraled,  that  the  tumor  hiLs  originated  from  the  multiplica- 
tion of  a  certain  eell-complex  which  may  be  regarded  in 
a  sense  aa  the  germ  of  the  tumor.     This  is  the  essential   ' 
difference  between   a  tumor   and  simple  hyptrplami,  or  , 
inflammatory  pnices^tes  followed  by  an  Increase  of  tissue. 

Thus,  for  example,  in  the  growth  and  spread  of  a  skin  1 
cancer  the  epithelial  layers  near  the  jxiint  of  its  origin  do  I 
not  undergo  the  same  atypical  proliferation  ;  there  is  not, 
in  any  sense,  an  infection  of  the  surrounding  tissue;  the  I 
increase  in  the  size  of  the  tumur  is  due  solely  to  the  fact  I 
that  the  descendants  of  the  original  gerniiual  cells  of  the 
tumor  multiply  nd  inftnUum  and  ^row  into  the  surround-  ' 
ing  tissue.     This  is  the  ease  also  in  the  so-called  b«nig 
tumors,  as,  for  example,  fibroma,  myoma,  lipoma,  etc.    We  | 
maysay,  therefore,  t]i:i£  ihu  lumi-r  grows  "unicenlrically" 
it  originates,  in  the  llrst  iii-r:ou'e,  fiiim  a  single  center. 

There  is  no  doulit  th:it  ilri-  inoile  of  origin  is  far  more  \ 
frequent  tlian  any  other  in  ull  forms  of  Inuiors,  although 
I  will  not  deny  that  a  neoplasm  may  oeeasionally  have  ita 
Btarting-jmint  in  several  germs  separated  from  one  another   i 
by  varying  Intervals.     The  process  would  then  be  called  a 
"  multicentric  "  tumor-formatiou,  and  it  appears  that  these  i 
multiple,   simultaneous   starting-points   occur   chiefly 
diffuse  tumor(4  of  the  external   skin  and  of  the  serous  ' 
membranes.     But  the  occurrence  of  multicenlrie  tumors 
does  not  militate  against  our  fundamental  conceplion  of 
the  genesis  of  tumors.     The  phenonieucin  dow  not,  as  was 
formerly  supposed,  con.wist  of  a  degeneration  nitacking  the 
individual  cells  of  an  organ  in  succession,  and  converting 
tfaem,  as  well  as  their  descendants,  into  tumor-ceils ;  on 
'the  contrary,  the  germ  of  the  tumor  is  hidden  witliin  the 
one  cell-L:r.i:|.  ;-i    '■v^:a\   is  endowed  i 
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^^M          power  nf  unlimitLtl,  irregular  growth.      Som?  utiktiown 
^^M          force,  the  esBential  iialiire'of  which  has  so  fiir  winipletelv 
^^M          e8oaiic<l  our  knowledge  ami  our  comprehension,  h  aijHibfe 
^^M          of  oilling  forth  thw  latent  power  of  proliferation,  and  the 
^^M          ofiTin  begins  to  grow  out  of  Unci  J,  like  a  seed  that  has  l«?pn 
^^1           huried  in   the  ground.     'Th<<  surrounding  tissues  of  the 
^^B           body  remain  ]lit^8ive. 

^^P               B'ut  the  eoinpoi^ile  ot^^anoid  tuinoni,  no  less  than  the 
^^V           more  simply  c<instnirte<l  histoid  ueciplaHUi,  reijuire  for  their 
^^M            su!)sc(|iH'nl  giv>wth  a  con neelive-t issue  Mtromii  and  a  cer- 
^H             tiiiii   ouiolior,  at  leiLst.  of  blood-vo^sels  to  nourish  them, 
^H             ;oiil  ilnM'  constituents  an?  derived  from  the  matrix,  and, 
^K           us  the  lunuir  continues  to  grow,  from  the  tissue  which  it 
^^^          invades.     Thim,  a  fibroma — i.  c,  a  circumserilie<1,  iode- 
^^M          pejident  new  formation  of  connective  tissue — would  soon 
^^M          perish  if  it  were  not  vascularized  by  tho  preexisting  bIoo<U 
^^1           vessel  at  its  point  of  origin.     An  epifheJial  new  growth 
^H           requires,  in  addition  to  blwid-vcssrls,  a  certain  quantity 
^H           of  connective-tissue  ."troma,  which  it  simjdy  derives  from 
^H           the  invadtil  region.    This  condition  is  rr:n(ilv  dctiiMnstniled 
^H           in  the  ea^e  i.f  raetji-^tases.     Thus,  a  rn,i:iMMflc  (rbindnlnr 
^H            cancer,  which  has  bix'n  carrie-l  l..  a  .li-i:iiif   |iiiinl  lr.im  tlie 
^H            parent  tumor  thnnigh  tlit.-  lymph-  c-r  l)l."..l-.|r<':ini.  cr.risists 
^^1           solely  of  a  gri.iip  <it'  epithdinl  cells,  as  may  freipiently  be 
^H           observed  (Plate  77,  Fign.  1  and  2).  nnd  would  not  be  able 
^^1           to  develop  in   an  unliiniteil  oiinnu-r  were  it  not  for  the 
^V           Ufifririvc   m:itt'ri^il   brought  U>  the  eelU  by  the  vaaoD^N^ 
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tii-tiUG  of  tbc  invndw]  iirva.  In  ihis  Renne, 
rtlierefore,  all  tumors  are  to  a  certain  extent  «lei>en(leDt 
[  upon  the  parent  organisms. 

As  the  tumor  uuntiiiiies  to  grow  the  etroraa  iteelf  often 
undergoes  certain  alterations ;  a&  a  rule,  it  ie  much  more 
rich  in  cells  than  in  its  original  state,  becauF>e  the  tumor 
calls  forth  a  variety  of  inflamtnatory  reactions  in  the  sur- 
rounding tissue;  lieuce  the  boundary  of  the  nmplu^m 
Grticularly  is  often  m<)re  or  less  thickly  intittnite<l  with 
ikocyles.  In  many  aist-s,  eiweinlly  in  rapidly  gniwing, 
heterolc^ns  tumors,  the  blooil-vcsBels  present  a  distinctly 
embryonal  characirr,  lacking  the  typical  development  of 
tile  several  layers;  the  clai*tif  and  muscuhir  tissue,  espe- 
cially, is  imperfectly  <Icvt>tope<I,  and  oven  large  blood- 
vessels appear  to  be  mere  endothelial  tubes. 

The  efi'ect  of  ihe  liimor  on  the  neighboring  tissue,  as 
its  volume  continues  to  hicrease,  depends  on  whether  or 
not  the  tumor  maintutns  its  original  nodular  form. 

In  the  former  case  it  remains  distinctly  separated  from 
its  surroundin^rs;  yet,  if  the  tumor  grows  rapidly,  the 
adjacent  tissue  may  Iw  greatly  damageil  by  pn-ssure  or  by 
ccrtmn  chemic  influences  emanating  fnmi  the  tumor. 
Thus  it  18  well  known,  for  example,  that  tlie  pressure  of  a 
growing  tumor  will  cause  complete  ainiphy  of  coniiguous 
bones.  The  neii|>liism  may  bi-  cimipnn-d  to  n  tuber  giiiw- 
ing  in  the  earth  luxl  pu^liiii^  a-ide  the  surrnuniling  soil. 
This  mode  of  eiiLiririTin'iil  is  ku<iwn  as  i-xjiongici'  yriiuih, 
and  may  be  due  L'hieliy  U<  ctll-proli  feral  ion  in  the  inner 
portions  of  the  tumor,  similar  lo  the  growth  of  lymph- 
follicles  from  a  germinal  eenicr  {rtnlral  groteth),  or  to 
increased  proliftTulion  at  the  ]>eriphery  causing  a  con- 
I  tinuous  apposition  of  new  elements  {prnphcrdl,  appnri- 
^4  tiamd  groirth).  On  the  other  hand,  the  efTwt  of  the  tumor 
I  on  its  surroundings  may  be  i|uite  ditt'erent  either  from  the 
very  Ixgiuning  or  during  the  t^ubsequent  course  of  its 
growth ;  the  primary  nodule  may  thn)w  out  nntl-like 
ES  and  radiating  extensions  into  (he  neighlmriug 
f  tissue.  It  is  llic  similarity  of  such  u  tumor  with  the 
:"  of  u  su!L-crali  liial  gave  rise  lo  the  aiirienl,  jj.i?)  ■ 


InfUtftttlnc  Orowth  of  ■  Small-cell  Sarconu  In  HmtHm 

( sc  70.) :  I,  Mutvle-Uber  sIiDwing  an  iiirroast.'  of  the  nurlci  in  tiic- 
gBTcolpmina ;  2,  uarruw  u^gregatiuiu  of  eiircunj&  cclU  livtween  lllir 
muFcli^ bundles,  which  hnvo  been  forced  apart  i  3,  rEuiuin^  of  niuwlfs 
Obers  in  4,  dense  masiea  of  esreomu-«ellfl. 

"cancer."  This  method  of  extensioii  is  known  as  infil- 
trating growth,  and  often  niakrs  it  extremely  difficult  to 
separate  the  neoplasm  from  the  surrounding  tissue.  In 
fact,  in  many  eases  this  is  quite  imiwjssible,  at  least  macru- 
soopically,  and  the  picture  of  a  diffuse  hyperplasia  may 
be  the  result,  as,  for  example,  in  infiltrating  gastric  cancer, 
in  certain  forms  of  sarcoma,  and  eveu  in  some  fibromata 
and  lijKimata. 

As  there  is  no  physiologic  limit  to  the  growth  of 
a  neoplasm,  retroffi-mie  vtetamorphoses  are  exceedingly 
frequeril,  and  tumors  are  subject  to  the  same  degenerative 
changes  as  the  normal  structures  of  the  body. 

Falti/  drgtru^rulion  in  particular  is  fretjuently  observed 
in  tumors.  It  may  be  said  in  general  that  the  cxt«Dt  of 
fatty  degeneration  is  directly  proportional  to  the  degree 
of  aiiaplasia  in  the  cells,  and  it  is  aooordingly,  as  a  rule, 
more  pronounced  in  the  so-called  malignaut  tumors; 
although  the  neoplasms  ordinarily  called  nenign  in  ex- 
ceptional cases  may  also  present  a  quite  extensive  fatty 
chiinge.  There  is  a  direct  relationship  between  fetty 
degeneration  and  the  vascularity  of  a  tumor:  the  more 
defective  the  latter,  the  more  rapid  and  more  extensive 
will  be  the  fatty  dtgeneration.  It  is.  therefore,  as  a  rnle, 
much  more  intense  in  organoid  tumor*,  especially  in 
carcinoma  with  lai^  islands  of  tumor-parenchyma,  than 
in  the  onlinary  histoid  neoplasms,  which  are  more  evenly 
supplied  with  blood-vessels.  In  the  former  the  fatty 
di^neratlon  is  almost  always  limited  to  the  tumor- 
parcneliyma,  the  stroma,  as  n  rule,  cst^ping,  at  least  for 
a  long  time,  or  exhibiting  only  an  insignificant  sprinkling 
of  isolated  foci  of  ilegenenition.  Kinks,  constrictions,  or 
obstructions  of  blood-vessels  bv  tumor-thrombi  oiWo 
become  the  cause  of  fatty  degeneration. 


I 
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As  in  normal  cells,  fatty  dcgoneration  sets  in  with  tlic 
apiKuruiice  ui'  a  lew  shining  fat-gluliiiW  in  soini^  of  tlic 
cells.  Id  tuniurs  uf  alveolar  structure  the  degeneration 
almost  always  begins  in  the  central  portions  of  the  cell- 
masses  that  fill  the  alveoli.  The  dropletj^  betx>nie  moR' 
and  more  nnmerous  -and  larger ;  often  a  large  jiart  of  the 
tumor  appears  almost  uniformly  covered  with  exceedingly 
miunte,  aluioi*t  dust-like  granules  of  fat,  which  give  the 
well-known  reaction  with  osmic  acid  and  with  auuan  red. 
yunietimes  lai^c  fat-drops  predominate  in  the  eelU,  or 
drops  of  every  conceivable  size  may  be  present  nt  the 
same  time.  Tumors  of  considerable  size  nave  be«n  ol>- 
^perve<l  in  which  it  was  barely  possible  to  demonstrate  a 
lingle  cell  in  a  reasonably  normal  state.  Soft  carctnomata 
[ifrith  hut  little  stroma  and  certain  epithelial  renal  tumors 
]< — the  so-called  hyj)ernephn>mata~exliibit  a  marked 
sndency  to  the  accumulation  of  fat  in  their  cells.  When 
BctioDS  of  these  tumors  are  examined  after  treatment 
■with  alcohol,  etc.,  the  fat  is  of  course  extracted,  and  in 
the  place  of  its  dntplets  and  lai^r  globules  there  is 
found  nothing  but  the  vacuoles  tu  the  cytoplasm  which 
originally  had  Iwen  occupied  by  fat ;  in  cases  uf  extensive 
fetty  degeneration  the  structure  of  the  cell-lx)dies  com- 
pletely resembles  that  of  foam.  If  the  degeneration 
progresses  still  further  and  the  fat  is  dep^isited  in  ever- 
increasing  quantities,  the  cells  are  gradually  destroyed, 
and  by  their  disintegration  tiio  fat-droplets  are  liberated 
and  converied  into  a  semifluid,  yellowish-while  mass 
which  oozes  from  the  alveoli  in  the  form  of  a  milky  fluid 
(cancer  juice)  or  in  the  form  of  more  consistent,  whitish 
plugs  resembling  comedones.  On  microscopic  examina- 
tion these  are  found  to  consist  almost  entirely  of  freo 
fat  mixed  with  a  little  nuclear  debris.  In  rare  cases  the 
interstitial  tissue  of  the  tumor  is  al«>  attacked  by  the 
fatty  degeneration ;  the  fal-droplets  arrange  tlicmeelvea  in 
spindle-shaped  or  cliain-iike  masses  corresponding  to  the 
shape  of  cells  and  of  fibers;  in  few  cases,  indeed,  does 
complete  disintegration  take  pliice. 

it  all  cases  of  fatty  degeneration   exhibit  at  the 


220  TUMORS. 

same  lime,  or  elighlly  preceding  it,  cerUiin  diiiiiitt;  alu-m- 
tions  iu  the  nuclei.  These  changes  also  are  more  i^tmmoti 
and  more  extensive  in  markedly  anapliii^tie  tumurs  than  in 
tumors  tite  cells  of"  wUicli  deviate  eomi»aratively  little 
from  the  normal.  These  changes  uSect  principally  the 
chromatin  framework,  which  is  greatly  increusetl  in  <|iian- 
tity  and  presents  a  most  irregular  arrangement,  giving  rise 
to  greatly  swollen  and  very  large,  «>-calIed  guiitl  nucltl. 
The  nucleoli  are  iil\cii  inGTenfiod  in  niimlHT  or  materially 
su  in  size ;  they  may  give  ejHxiial  tinctorial  reaoiions,  dif- 
ferent frfim  the  rest  of  tiie  chromatin,  so  that  at  the  first 
glaneo  they  appear  tii  be  something  extraneous  and  not 
Itolonging  to  the  nucleus ;  their  marked  aflinity  for  acid 
aiiiiin  stains  has  of^en  caused  theni  to  l>e  mistaken  for 
foreign  orgnnisms — i.e.,  parasites,  especially  blastomycetes, 
or  even  hs  to  the  causes  of  cancer  piir  excellfncf.  But 
as  the  cellular  d^^'genenition  progresses,  more  profound 
changes  make  their  appearance  in  tlie  structure  of  •"-- 
nucleus;  the  chromatin  disappears  more  and 
the  nuclear  vesicle,  and  ilepnsits  itself  in  tlie  form 
flakes,  clods,  or  lenticular  or  otherwise  irregular  mi  __ 
along  the  nuclear  membrane,  to  which  it  thus  imiMtrlsa 
circular  or  (juite  irregular  thickening — livpciclirotiuitosu 
of  thi-  mielcar  vaU  (Klelis),  p^knoglx  (Mnmuis  and 
Albrecht).  This  is  then  followed  by  inicrmption  of 
ring  at  one  or  more  pliiees  and  destrnetiim  and  fragi 
tion  of  the  chromatin  liiuyorrhexig.  (i«imr  to  the 
of  individual  particles  of  chromatin  a  variety  of  tiguj 
resembling  biscuits  or  horseshoes  or  sometimes  mull 
are  pro<hiced,  and  ultimately  break  up  into  smaller 
ever  smaller  pieces  (chnnnosomes),  and  finally  into  mil 
particles  or  splinters  still  "'iiiwible  of  lakinj;  the  nneh 
slain.  Finally,  even  the  latter  are  .li--.iilv.>d  iind  ex- 
tensive areas  of  the  tumor  may  apjieur  iiiiii|i!ciily  devoid 
of  nuclei,  a  phenomenon  that  is  cxeeiilin^^ly  l'ri>i|iieiit  m 
almost  all  hii^e  iniiphisnis. 

It  is  needless  to  say  that  when  mitotic  figni 
ent  they  also  are  attacked  by  the  degencrat' 
Till-  r.iiiiiiioncst   rcMdt   is  the  conversion  of  tlie  chroi 
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^V   stimes  into  shapele.ss,  tinrecngiiizublo,  branching  etructurea,   . 

^^  or  the  liowtructiim  i>t'  tlie  spirt-m,  mniher-star,  or  disaster  i 
leads  to  the  pruductioii  of  most  irregular,  rose-like  figures,  j 
which  must  not  be  confoundeil  with  hyperchromatio  niit<j-  I 

»8e3.     Complete  solution  of  the  kjiryukinetic  figures  may  1 
also  take   place  at  any  stagu  of  tneir  development  aiid   ' 
iwister  itself  by  partial  loss  of  tingibilify. 
Whether  or  not  fatty  degenoratiou  is  present,  the  cells   j 
often  contain  pellueid,  spheric,  lenticular,  or  rarely  polyg-  j 
onal  bodies,  which  may  yield  a  great  variety  of  tinctorial  I 
reaetious.     When   they  take   the  nuclear  stain  they  are 
^_   often   derived   from   leukocytes   thiit   Imvo   invaded   the  I 
^^^'  tumoiw^lk,  have  lost  their  cell-bodies  through  disint^ra-   ' 
^^V  tion,  and  whose  nucleus  }im  uiidergi:>no  fragmentation  or 
^^K  irregular  contraction.     These  structures  are  particularly 
^^t  frequent  in  cancers  consisting  of  squamous  epithelial  cells,   i 
^H   It  is,  however,  uutch  more  (M}mmon  lor  these  bodies  to  be 
^P    Iiyaliue, — tliat  is,  totally  devoid  of  structure, — or  to  ex-  ' 
^     hibit  only  a  suggestion  of  concentric  formation.    Sometimes 
they   are  greatly  swollen   with    water  and   take  up  the 
greater  part  of  the  cell-biKly,  crowding  the  uncleus  to  the 

wall  in  the  form  of  a  kidncy-shajMHl,  crescentic,  or  sickle- 

,  eliaped   body.     Virchow  was  the  first  to  describe  thet« 

I  structures,  which   he  calk-d  physalidK  (ifaaa  —  bladder). 

,  Recently  they  have  again  come  into  prominence  Iwcauae 

I  some  authors  believe  they  have  lliunti  in  them  the  much- 

I  suught-iSir  cancer  parasites.       All  the-iB  ao-calleil  cell-in- 

\   elusions  may   be    present  with    more  or  less  pronounced 

\  degeneration  of  the  nucleus.     If  cells  and  nuclei  are  com- 

i  pletely  destroyed  by  tatty  degeneration  and  disintegration, 

I  the  inclusions,  of  course,  an-  1i1»ernted  and  appear  in  the 

■tnicroscopic  preparation  as  deeply  stiiincd,  usually  spheric 

bodies,  imbedded  in  the  necrotic  tissue ;  they  also  form 

I  some  of  the  structures  described   as   R\u»rPg  mrptuKlfit, 

which  are  distinguished  by  their  great  affinity  for  fuchsia. 

"'  ;  nuclei  in  the  tomnr-cellB  verv  often  present  bud- 

!uid  frafimentation,  resulting  in   the  production  of 

iilur,  lobulated  nuclei  and  sometimes  basket-shaped 

iptures.    [f  complete  constriction  takes  place  repeateuly. 
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tUe  Bo-calle<i  piironchyniati}!!!*  giant-ceUw  are  nnuluoe 
which  are  ohservett  in  many  ibrnis  of  tumor.  1  hese  wUj 
formations  are  usually  distinguished  quite  readily  fpuoj 
true  polykaryocytes,  such  as  iiccur  in  eo-ealled  giant-c 
sarcoma,  and  from  the  foreign  body  giant-cells  and  i 
giant-cells  occurring  in  tuljcrcloa  and  in  gummula 
the  irregular  size  of  their  nuclei,  which  rojilly  repnseiS 
only  nuclear  buds  and  are  often  connected  by  tbreadi 
(Fig.  IX.). 

In  addition  to  fatty  degeneration  all  kinds  of  tamoif 
frequently  represent  a  piirtial  and  sometimee  ext^nsivl 
caseation.  In  most  cases  it  is  to  l>e  rcganled  as  due  I 
anemic  infarction  secondary  to  thrombosis  or  emboliiim  o 
the  supplying  blood-vessel,  or  to  tortion,  kinking, 
striction,  or  cuaipressioii  of  tlie  pedicle.  The  caseation 
may  be  accompanied  by  a  low  gmde  of  fatty  degeneration. 
But  the  necrosis  is  chiefly  brought  alwut  by  a  process  of 
albuminous  coagulation,  as  explaiued  in  connection  wit^ 
the  subject  of  necrosis.  Fibnn  is  formed  in  the  intei 
slices  between  the  necrobiotic  cells,  or,  at  any  rate, ' 
homogeneous,  fibrinoid  substance.  In  tlie  nuclei  the  prn 
esses  which  lead  to  karyorrhexis  and  ultimately  to  kai_ 
lysis  are  obser\'e<I,  the  same  as  were  deficribe<I  in  eonnecttoi 
with  fatty  degeneration  and  as  are  also  found  in  chec 
degeneration  of  tul)erculous  tisfiue. 

Cheesy  portions  of  tumors  may  become  impregnatw 
secondarily  with  calcium  salts;  but  in  many  varieties  n' 
tumors  calcificnfion  takes  place  without  any  distinct  c 
tion.  In  all  such  caaes  it  is  possible  to  demonstrate  e 
diminution  in  the  supply  of  nutritive  material,  occlusion 
or  thickening  of  the  vessels  with  narrowing  of  their  himenl 

Tlie  calcium  deriosits  itself  in  minute  particles,  at  fire 
aa  fine  as  dust,  which  gradually  coalesce  and  form  large 
homologous  cords  or  concentrically  striated  spheres.  They 
yield  the  usual  tinctorial  and  chemic  reactions  (see  De* 
generation).  Sometimes  a  large  portion  of  a  tumor,  i 
even  the  entire  growth,  as,  for  example,  in  the  ( 
uterine  myoma,  may  be  converted  into  a  compact,  calniSi 
muss  of  stony  hardness,  without  a  trace  of  the  oi^a&fl 


substance.  The  lime  is  usually  combined  with  carlxm.- 
acid,  and  sometimes  also  Bimuftaneously  or  even  ehietiy  J 
with  phosphoric  acid,  and  gives  the  gvpsnm  reaction  on  I 
the  addition  of  sulphuric  acid.  Certain  tumors — the  so- 1 
called  paammomafa — in  which  calcareous  deposit*  are  tha  | 
rule  owe  tlieir  name  to  this  disting^uishing  characteristic. 

Epithelial  neoplasms  not  infrequently  exhibit  a  patho- 
logic process  of  cornificatlon.  Tnis  occurs  not  only  in 
caircinomata,  originating  in  epithelial  cells  that  are  nor- 
mally cornified,  but  In  all  epithelial  tumors  as  well,  in- 
cludmg  such  as  are  originally  descended  from  cyliudric 
epithelium.  If  their  wllidar  elements  undergo  extensive 
anaplasia,  tbese  tumors  may  fall  a  prey  to  partial  cornifi- 
cation,  and  the  phenomenon,  therefore,  by  no  means  indi- 
oatea  that  the  neoplasm  is  derived  from  homy  epithelium. 
Comificati<Jn  may  also  occur  in  metustatic  growths  derived 
from  epithelial  tumors,  even  when  the  parent  tumor  dt>es  J 
not  present  any  homy  change.  '  I 

Tlie  pnwess  is  always  preceded  by  total  or  at  least  I 
partial  death  of  the  cells.     Minute,  angular,  homogeneous  1 
granules  of  different  sizes  first  appear  in  the  cells;  with  1 
hematoxylin  these  granules  take  a  dark-blue  or  violet  j 
stain  (Plate  72,  Figs.  1  and  2).     This  sultstanee  is  known  J 
as  keralohynlin.     The  granules  often  occupy  the  greater  j 
portion  of  the  cell,  sjNinng  only  the  nucleus ;  or  the  latter  \ 
may  be  surrounded  by  a  hrlght  areola  fi'ee  from  granules. 
Later  the  nucleus  also  undergoes  changes  identical  with  j 
the   process  of  pyknosis,  karyorrhexis,  and    karj'olysis.  1 
The   keratohyaline  gi-annles  themselves  also   undergo  a 
fiirtber  transformation,  which  is  partly  morphologic  and 
partly  cliemic.     The  reaction  to  hematoxylin  stain  is  lost, 
and  in  its  stead  there  is  observed  a  pronounce*!  tingibility 
with  the  alkaline  anilin  dyes,  espe<-ially  (Jram'e  method 
with  gentian-violet  and  iodin-potas.sium  iodid,  which  gives  i 
excellent  results.     The  granules  coalesce  to  form   large  ] 
ttigular  splinters,  while  the  nucleus  in  some  cases  is  still 
preserved ;  later  the  nucleus  is  destroyed,  the  cell  ia  loaded 
more  and    more,  and  finally   completely  filled  with   the 

letantly  increaoDg  kentiia  substance,  except  Ht  the 
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iwripherj-,  where  a  palf  border  ii^i^ually  rt-mfuns  pel 
iiently  tree.  At  tlie  same  time  the  cells  usually  uadi 
great  shrinking,  and  by  reciprocal  pressure  beroine 
tened  and  atteiuiitUHJ  and  resemble  scale:?.  Quite 
munly  the  cells  take  mi  a  concentric  amiiij;eraent  like  tlie 
layers  of  an  onion,  and  ihe  faiuiliur,  pearly  structures  or 
pearly  bodies,  which  ui-e  ottun  called  ctuicroid  pearls,  but 
also  occur  in  beuign  epitlieliomata,  are  produced.  The 
reciprocal  flattening  of  the  cells  is  not  to  be  rt^rded  as 
the  cause  or  forerunner  of  cornificationj  since  airuification 
may  occur  in  cells  that  are  not  in  the  least  flattened ;  on 
the  other  hand,  these  laminated  structures  and 
Ixxlies  may  be  entirely  free  from  any  horny  chauge. 

Many  i>f  the  d^emsratioDS   that   occur  in  tumors 
acoumpauied   by   the   formation    of    complex   bodies 
homogeneous  appear:mcc.     These  hnmologous  substuK 
for  the  most  part,  have  not  as  yet  been  investigated  80 
cieiitly  chemically.      They   are   sometimes   described 
ki/nline  and  sometimes  as  colloid  substances.     Amyhul 
myxoinatoua  (or  mucoid)  degeneration  also  beloncs  to 
category-     Again  we  most  distinguish  Itetween  uegcnei 
tioiis  which    take   place   in   true   tumor-cells  or   tumor- 
parenchyma  and  those  which  attack  the  supporting  struct- 
ure, the  stroma  and  the  hlocul-vesscls.     These  substances 
also  occur  in  tumors  not  only  as  the  products  of  dej 
eratinn  of  portions  of  the  tumor,  but  also  as  excrel 
products  of  organoid  neoplasms. 

Hyaline  bodie*,  as  has  just  lieen  explained,  often 
in  the  form  of  small,  drop-like  deposits  between  the  cells 
but  in  atidition  large  portions  of  tumors,  especially  at'  rhi- 
stroma,  may  be  ccmvert<?d  into  ramifying,  ]iellncid,  iiyxiliue 
cords  and  banils,  forming  a  large-  or  sniall-meslxO  net- 
work or  merely  a  svsteni  of  cleft-like  cavities  which  lo<igt^ 
the  surviving  cells' (Plate  56,  Fig.  2;  Plate  78,  Fig.  2— 
iiytitulromn).  Not  infrequently  the  walls  of  tlie  blood- 
vessels are  the  seat  and  [joint  of  origin  of  exteoi 
hyaline  deposits;  sometimes  the  hyaline  substance  pi 
a  faint  pnnillel  striation.  Genuine  colhiil  forma 
,  the  formation   of  a  tenacious,  glue-like  substai 
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ioharacterizpJ   by  its   perft-L'tly   liiiniiigeneous  apjtearancc 

id  chemiuilly  by  tht>  tiict  tiiut  it  (Iiil-m  nut  coiigulute  U> 

am  thruitls  on  the  addition  uf  aleiiliul  and  act^tic  acid — 

comparatively  rare  in  tumors,  bt-iiig  prautically  confined 

cnlargetuent^   and   neuiilasoiH   uf   llie   tliyroid   gland 

(colloid  goiter)  ami  of  tlie  liypopliysis.    In  tlitse  iualances 

its  formation  is  coutiiic<t  Uj  irioi'eu.-ied  secretion  and  tiie 

convorsion  of  epitbelial  cells  iutu  colloid  sulistanoe,  and 

does  not  occur  in  the  interstitial  tissue. 

Mucoid  degmieration,  on  the  other  hand,  is  a  wide-Kpread 
and   frequent   process   in   tumors.      (Tumors  that    have 
undei^ne  mucoid  degeneration  are  often  erroneously  do- 
scribed  as  colloid  tumors,  espet'ially  nuicoid  cancers;  it  is 
desirable  to  reserve  tlie  term  mucous  or  gelatinous  degen- 
eration for  processes  the  products  of  whicli  coagulate  in 
the  well-known  stringy  manner  on  the  addition  of  alcohol 
lad  acetic  acid,  and  which  are  stained  a  light  or  dark  blue 
ith  hematoxylin,  according  t«  their  degree  of  density.) 
Ixcessive  production  of  mucus  occurs  especially  in  tumors 
of  the  ovaries  and  of  the  intestine.     In  the  cystic  tumors 
of  the  ovaries  (Plate   14,  Fig.  2)  tlie  formation  of  in- 
Dumerable  goblet-ccll.s  can    be   followed   distinctly ;   the 
cells  balloon  on  account  of  the  ncKrumulation  of  para- 
Ijtlasmatic  eell-contents,  and  later  burst  and  collapse,  dis- 
charging their  contents  in  globular  masses  and  droiw  toward 
tile  lumen.   The  same  variety  of  mucoid  degeneration  by  the 
formation  of  goblet-cells  can  usually  be  observed  in  cancers 
of  the  sfomaoli  and  intestine  (Plate  14,  Fig,  1),  while  in 
ither  so-called  mucoid  caucers,  as  in  the  mammary  gland, 
instance,  the  mucin  is  deposited  in  the  epitelial  ceJU 
the   form   of  single,  discrete,   globular   masses.      In 
Idition  to  this  mucus  formation  from  epithelial  cells  a 
of  the  connective  substance  into  mucus  quite 
tiently  occurs.     The  process  may  attack  fibromata  to 
greater  or  less  decree ;  the  fibers  are  forced  apart  by  the 
lucoid  masses,  and  the  cells  take  on  a  branching  or  stcl- 
..-    shape,  producing  the   so-called   vuirrnmitotis  tissue, 
tliich  has  its  physiologic  prototype  in  Wbartttn's  jelly  of 
umbilicjU  conl.    Tlias  it  is  not  uncommoo  to  find  a 
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Bijft,  tibruiis  iiusal  imlvpiis  in  a  Ktatc  nf  niyx 
ilpgeneratioii  a«nM;iattfd  ivitli  raucus-j)n>diicti(iii  un<]  n-tuD- 
tiuii  in  the  ghmdulitr  portions  of  the  tumur.  Myxomatous 
degeneration  of  the  inlerstitial  subst^ince  is  also  observed 
quite  frequently  in  isarconia  (eatvoimi  mj/xoinatoimm).  The 
ground-snbfitauce  of  chondroma  mityundei^  myxotnatoua 
degeneration,  and  finally,  even  in  organoid  tumom,  sucli 
as  carcinoniata,  tlie  pnx^'ss  may  he  confined  largely  to  the 
stroma  and  lead  to  theproduction  of  wide,  soft  trabeoulie 
between  the  remains  of  cells  which  coagulate  in  acetic 
ai'id.  The  alarting-pi^int  of  this  form  of  myxomulous 
dt'generation  appears  in  the  last  instance  to  he  the  cement- 
suh.sliince  Iretween  the  cells  or  their  fihers,  which,  on  the 
addition  uf  water,  swells  and  is  ctniverl«d  into  jelly. 

A  rare  form  of  degeneration  in  tumors  is  ami/loid 
degeneration,  which  occurs  only  in  connective-tissue 
tumors  (fibromata,  chondnmiata)  and  begins  in  the  blood- 
vessels and  in  the  stroma,  hut  may  also  attack  the  tumor- 
cells.  Hyaline  degeneration  is  often  observed  as  the  fore- 
runner of  the  amyloid  change, 

Glr/coc/en,  finallv,  L^  sometimes  found  deposited  in 
tumors.  The  substance  occurs  in  the  form  of  large  or 
small  drops  or  crescentic  masses  in  the  protoplasm  of  the 
cells,  and,  more  rarely,  diffused  through  the  tumor. 
Sometimes  the  cells  may  be  completely  covered  with  these 
droplets,  which  sometime  occur  in  the  gaps  of  the  tisnue 
— i.e.,  between  the  cells ;  in  the  stroma  of  tumors  glycogen 
is  extremely  rare ;  the  nuclei  of  the  cells  always  escape. 
Glyct^n  gives  a  specific  reaction  with  potassium  iodid, 
which  stains  it  a  deep  brown  or  brownish  red  ;  in  contra- 
distinction to  amyloid,  however,  it  is  not  stained  blue  by 
the  addition  of  sulphuric  acid,  and  it  gives  negative 
results  with  the  other  amyloid  renelions  (compare  p.  70). 
The  granules  of  glyci:^n  are  usually  quite  soluble  in 
water,  hence  only  perfectly  fresh  preparations  or  such  as 
have  been  rapidly  hardenetl  in  ahscdute  alcohol  are  suit- 
able for  esaminalion.  In  contradistinction  to  amyloid, 
glycogenic  deposits  arc  speedily  dissolved  by  the  addition 
of  sulivit.     The  sulistance  is  probably  derived  irom  1* 


CONSEcriVE-TISSUE  TUMORS. 


bloud.     It  i»  ?een  in  mrcinomata,  i?ndotheltuinata, 
mata  ^especially  of  the  salivary  glands  and  of  the  kid- 
neys), in  cysts  uf  tlie  ovaries  ami  vagina,  in  enchondn^mata, 
rhabdomyoma ta,  und  eBpocially  in  many  tumors  of  the 
testicles. 


CONNECTIVE-TISSUE  TUMORS. 
Fibronia. 

The  term  fibroma  is  apjilied  to  a  tumop  which  is  coi 
nf  fully   formed    (mature)   coniieclive   tissue. 
Dumlwr  of  different  kinds  of  connective   tissue  are  di 
tinguished  iu  the  normal  oi^ns  of  the  body,  and  as  any 
oue  of  these  varieties  may  liccome  the  starting-point 
a  fibroma,  it  follows  that  the  macrosMtpic  and  especially 
the  microscopic  structure  of  this  class  of  tumors  presents 
a  great  many  varieties.     The  metaplasia  to  which  con- 
nective tissue  is  subject  gives  rise  to  the  formation  of 
mixed  and  transitional  forms,  and,  owing  to  the  fact  that 
other  tumors  may  tfike  part  in  the  neoplastic  process  at 
the  same  time,  combinations  with  other  tumors  may  be 
prt«hiced,  and  as  all  these  forms  are  included  among  the 
fibromata,  this  class  contains  a  great  number  of  different 
varieties. 

Il  a]i|ir;ir-   t:i  nil'  wi-.'  i..  i(il..|pi  Hiimt's  proposal  tn  indicBlB  the 
fnminti'jn  ■■!'  (■i.iii]ilii-.iti  .1  i-i.iii|iii-iTi'  tiimots  In  general  by  ■ddjng  a 

qualityiii-iuliir-iiw  (..rl.i'  riiu C  ihi^  liiisal  fonnof  the  tumor  iised  nan 

noun,  [in^l  i>  l rii„-  tli.'  Liiiii"i-  r.^iijicrl  lij  a  combination  of  niniplaumB 

of  difl'trcFii  -jjtij.-.  .j1'  li— !].■  Ill  till-  ivv  of  two  toordinsle  nouns.  Ac- 
onrding  t«  ihia  niKtliiKl  wo  phimld,  ihpwfore,  in  a  given  case  speak  rf 
m  "Jlirirtna  otai/UartM,"  for  eKninpIo,  if  it  appearn)  that  ti  metunop- 
photi«  of  connective  tissue  intn  oiweoiu  tiwuB  had  Ulten  pliwe  within 
tha  tumor;  and,  on  the  other  hand,  we  ehoutd  uee  the  temi  "  flbnv 
myxoma"  to  describe  a  k"'^'''  resulting  fmm  the  eiinultaneous  new 
formation  of  eonneclive  tismin  und  muraid  tiasue.  The  omphadi 
would  bo  Inid  on  whichever  kind  uf  tieaue  was  chicflv  concerned  ill 
the  make-up  of  the  tumor. 

Simple  fibromata — uf.,  tumors  the  parenchyma  of  which 
consists  exclusively  of  connective  tise>ue — have  from  time 
immemorial  been  divided  into  hard  and  soft,  The  differ- 
s  in  the  consistence  may  be  due  not  only  to 
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^H                                               PLATE  41.                                ^^^^H 
^H        Fio  1.  -Hu-d  Fibroma  (CicatticUl  Keloid)  from  the  Skin  ot^^H 

^H    the  Arm  (Uimi:>t-f.«ui.      -   eo.):    1,  Cc<iic<^ntH<.'>ilU  ^trial^l  Ubroiu^^H 

^^1    Mil  uucld  »'>ittt>r»]  llimii)i;h  nn  ubuoduiit  llliniiu  ti'-aue  whk'h  pro-^^^H 
^H    scnb  n  pamllel  urmugenn.iil  of  Ui<^  fll>«n ;  :!,  thin-wull^  v>!w«ls.         ^^H 

^^H    in  the  uuture  of  the  cutinective  tissue,  but  to  other  factorSr^^^H 
^^B    eepeviallt'  quiintitative  »nt)  qualitative  cliangis)  in  va8oular<^^^| 
^^H    izatiou ;  for  it  is  obvious  tliat  a  piece  of  tissue  which  i4^^^| 
^H    sui)[ili<^   by  numerous  or   by    wide   bliwd-  and  lympb-^^^^ 

^^H    only  u  few  vessels  of  small  caliber.                                       ^^^H 

^^1        As  ounnective  tissue  is   found  pmctirailly  ovvrywberti^^^H 

^^1    in   the   body,  the   distribution  of  fihniiua  is,  of  uuurso^^^^H 

^B    almost  universal.     The  site  of  origin  has  a  distinct  in«^^H 

^^     fluence  on  their  outward  form  ;  a  fibroma  formed  in  tb(^^^| 

center  of  a  compact  oi^n,  as  a  rule,  ti-nds  to  aasume  &^^^| 

spheric  shape,  while  a  fibroma  growing  toward  the  8ur&c6^^^| 

of  the  body  or  into  the  lumen  of  a  hollow  organ  tends  to^^H 

^L      form  a  bulging  prominence,  or,  if  the  growth  is  veTT^^^H 

^1      active,  a  polypoid  excrescence.     The  same  tendency  >9^^^| 

^H      observed  in  many  other  tumors.     In  the  former  case  th^^^^f 

^^H    the    pressure    increases    rapidly,   may   ])resent   pressure-^^^H 
^^V    symptoms,  either  in  the  form  of  atrophy,  or,  if  the  veeeelt^^^H 
^^ft   are  occluded,  in   the  form  of  retrograde  metamorphoeiK^V 
^^H    (necrosis,    fiitty    degeneration).     The    growth    of  these 
^H    tnmora  ia  nsually  characterized  bv  a  distinct  expansive 
^H    nnality.      The  nodule   enlarges   from    the   center  like  a       M 

^^M     is  somewhat   more   active   in    the  outer  portions  of  tb^^^^J 
^^B    tumor,   when  the    peripher)'   may   throw   out   proceseeq^^^H 
^B    directly  into  the   surrounding    tiBsue.     But  we    nevei^^^| 
^m     observe  a  direct  aocretiou  of  the  tumor-elements  by  oan-^^^^ 
^M      tiguity,  so  to  Hpeak, — i.e.,  by  the  inclusion  iti  the  tumoI-j^^H 
^H      mass  of  prf.>existing  eomiBrtive  tit^sue  from  the  snrround^^^f 
^^^  ing  tisaae, — what   might  be   dc^rvWi  oh  u  ^irrjcess  of^^H 
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adaptation  of  the  sumnindinji  ti^iie.     Ou  the  coutrarv, 
the   injurious   wmseqiiences  which    may  occur  fritru  the 
presfnw  of  a  tumur  in  the  affected  organ  ttffact  the  sup-  | 
porting  tissue  quite  as  much  as  the  parenchyma. 

On  the  other  haml,  when  a  fibrous  tumor  grows  toward  J 
the  outer  or  inner  surface  of  an  organ,  as,  for  example,  in  ] 
the  akin  toward  its  free  surfat-e,  in  the  stomach  toward  it«  \ 
lumen,  it  will  cause  a  bulging  of  the  covering,  and,  aa  < 
rupture  practically  never  occurs,  the  surface  of  the  ad- 
vancing  msuis   of  connective   tissue  will   bo   completely  ' 
covered  hy  this  tissue.     So  long  as  the  tumor  retains  its  1 
simple  spheric  or  ovoid  form  the  outline  of  the  investing 
skin  or  mucous  membrane  will  also  be  quite  simple ;  but 
when  the  body  of  tlie  tumor  begins  to  throw  out  processes  | 
or  spines  from  its  surface  or  forms  dendritic  ram  ilieat ions, 
the  epithelium  which  is  raise<]  from  its  normal  level  by 
the  growth  of  the  tumor  will  be  forced  to  follow  all  the 
depressions  and  elevations  of  the  underlying  tissue,  and 
will  thus  be  thrown  into  folds  or  made  to  form  invagina- 
tions— in  short,  the  layers  of  the  skin  or  mucous  mem- 
brane  must   undet^   a   superficial   increase,   which,   of  \ 
course,  can  be  effected  only  by  active  increase  of  the  cells. 
The  same  thing  occurs  when  a  connective- tissue  tumor  J 
grows  secondarily  info  an  already  existing  holloM' epithelial  I 
structure,  as  occurs  frequently  in  certain  forms  of  tumors,  1 
especially  of  the  ovary  (papillary  adenoma)  and  of  the  ] 
mammary    gland    (intm canalicular    and    pericanalicular  ] 
adenofibroma).    In  this  case  the  new  formation  of  another  ] 
kind  of  tissue   becomes  associated   with   a   simple   con- 
nective-tissue proliferation,  and  the  result  of  these  two  I 
different  kinds  of  cell-production  going  on  parri  passu  j 
is  the  production  of  so-called  " fihro-ej/ilhetial  bimorf,'*  1 
which  might  just  as  well  be  included  among  the  fibro-  1 
mata  as  among  the  epilhelial  tumors,  but  in  obedience  to   , 
universal  custom  shall  l>e  more  accurately  described  among  j 
the  latter. 

Tlic  hard  fibroma  consists  principally  of  connective- 
tissue  fibrils,  collected    into  bundles   in  a  wavy,  more  or   . 
leaa  tortuous  arrangement,  and  BonnetimeB  concentrically 
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PLATE  4J. 
Fw.  1— Fibrous  Polyp  froro  IheNose  i  KcrocBrmin.    . 

1,  Superficial  ppithelium  unuugHl  in  several  Uyere ;  2,  Ilbruiu 
'  8,  largB  nuclei  of  iburter  tjNiMlltMWlli ;  i,  litmiw  liuolea  ft 
I    fibroua  tisgue. 

— Mucous  Polyp  from  tlie  Nose  (Hemat.-enrin. 
I,  Cjliiidric  eur&ce  epithFliiuii ;   '2,  loose- meshed,  reticular  gnnind>9 

■c  fection. 


disposed  wilhin  individual  nodules.     As  a  rule,  the  fibers  J 
are  quite  long.     In  the  intervals  lietween  tlie  6t)en>arel 
the   fco-called   cwnneeiive-tiesiie   corpuscles — (.   e.,   small,, 
short,  apindle-shapeil  nuclei,  appearing  circular  in  trans- 1 
verse  section,  which,  as  a  rule,  do  not  show  any  nucleolin,  J 
even  under  high  maguilicatioD,  the  chromatin  being  prac-  ] 
tically   uniform   in  density  throughout.      A^  a  rule,  no  \ 
cell-lN>dies  can  he  <lemoDi>tratt'il  around  the  nuclei,  which  I 
are  in  close  intact  «Hth  the  fibers;  their  DUml)er  varies  I 
even  with  small  sections  of  the  same  tumor.    While  some  £ 
portions  of  the  tumor  consist  almost  exclusively  of  fiberal 
with  very  few  nuclei,  even  a  low  jwwer  will  reveal  here  J 
and  there  darker  areas  where  more  numerous  spindle-  % 
shaped   nuclei   are  closely  packed  tt^ther.      On  more 
,  careful  examination   it  is  then  usually  found  that  these 
accumulations  of  nuclei  surround  a  narrow,  thin-walled 
vessel  and  sometimes  the  fibers  al.so  present  a  distinct 
concentric  arrangement   around  the  central  vessels,  the  J 
tarns  and    reflections  of  which   are  surrounded  by  the  J 
accompanying  libers,  and  a  so-called  "■plexiform  JUfroma"  I 
is  formed  by  the  interlacing  of  the  individual  bundle  bj*- 
tems.      In  the  multiple  fibromata  which  occur  «t  fre-J 
quently  in  the  cutU  and  in  the  subcutaneous  tissue  similar  | 
relations  with   the   nerve-fibers  (which   are  usually  nn-- 
tnedullatcd)  are  demonstrable,  tlic  proliferation  beginning 
intheconnective-tissueooveringofthenerve(n«tro^jromn). 
The  delicate  connective-tissue  capsules  of  the  sebaceous  ' 
and  sweat-glands  In  the  skin  may  also  form  the  matrix  of  I 
multiple  fibroma,  which  may  also  originate  in  tendons,  in  J 
intramuscular  connective  tissue,  and  in  periotitenm  ;  other  I 
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Bites  of  predilection  for  ibeir  development  are  iIr-  uterus, 
the  mamirmrv  gland,  niid  the  kidtic^'.  In  llie  kidnt-_v 
lar^  numbers  of  small  fibnimala  are  often  found  in  tlie 
cortical  and  in  the  meiiuJlury  sulji^tance,  ei-peciallj'  iit  tlie 
s  of  tlie  pyramids,  bnt  the  tumors,  as  a  rule,  do  tint 
.  large  size.  Seen  with  the  naked  eve,  thev  may 
le  to  «infiision  with  miliary  tuljercles,  from  wliiijli 
e  distinguifihed  by  their  greater  hardness.  All 
these  hard  fibromata  of  simplo  structure  are  also  desig- 
t)ate<l  "  flivmolda." 

A  special  form  of  the  hard  fibnjma  in  the  cutaneous 
tissue  is  known  as  keloid  (Plate  43,  Fig,  Ij,  It  nsuuJly 
~  )velo|)s  aiicr  an  injury  (iucised  wound  or  burn)  in  tli^ 
form  of  "cicatricial  keloid"  by  excessive  scar-fonimtjon, 
^^  i  sotiictimes  without  any  such  cause,  as  "spontaneous 
keloid."  It  is  distinguished  by  the  dense  n^i-egaCion  of 
its  fibers  and  the  dense  character  of  the  bundles.  (It  is 
jrth  noting  that  many  authors  have  observed  a  disposi- 
tion for  the  development  of  these  keli)tds  lo  run  in  families). 
[Keloids  seem  to  be  relatively  common  in  the  American 
■negro. — Ed.], 

ilany  hatd  fibnjmata  have  a  tendency  to  undergo  retro- 
g;rade  metamnrpliosis,  especially  calctfication.  When  this 
Dcours,  the  fibers  and  bundles,  which  usnally  lose  their 
Duclei,  become  completely  fused  in  considerable  'portions 
»f  the  tumor,  and  converted  into  uniform  glistening 
hyaline  material,  which  at  first  is  distinguished  by  its 
ixtraordinary  rehictance  to  take  even  acid  anilin  stains. 
Later  a  deposition  of  calcium  phosphate  and  calcium 
[IBrt>onate  in  minute  particles  takes  place,  and  the^  oo- 
ilesce  to  form  larger  calcareous  deposits  in  the  shape  of 
rregular  lumps  or  cylindric  masses.  Even  lai^e  tumors, 
lie  size  of  an  infant's  head  and  larger  (especially  in  the 
"Btems),  may  in  this  way  be  amverted  into  compact 
■nicturcs  of  stony  hardness.  If  any  cells  or  nuclei  siir- 
ive  after  the  beginning  of  calcification,  they  may  be 
incluilei)  in  the  Mine  of  calcification ;  and  if  they  are 
iminged  coiieenlrically  around  blixKl-vessiels,  they  may, 
f  simulating  Haversian  canals,  cause  confusion  with  true 


FIGURE  XI. 
From  a  Soft,  Myxomatouk  FlbromB  of  the  Nual  Mnc 
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iMiiie-fijrmation,  as  tbey  closely  resemble  Imne-corpUHcW, 
nltliougli  it  is,  of  course,  impossible  to  denionstmte  any 
pfwcessts  {pftrifying  fihroTim). 

Ou  tbe  other  band,  the  actual  metiiplasia  into  ^niiiiic 
bone-substance,  witb  tlie  conversion  of  Ituiidli'S  of  fibers 
into  Haversian  lamellee  and  the  iiichigion  of  cells,  an<l 
tbeir  couvcrsioo  into  bone-corpuscIcs  witb  well-developed 
cellular  processes,  may  occur  in  fibrouiata  [oBeifyingJihromii, 
Jibronia  oseijieans).  Th^e  forms  are  not  to  be  confuswl 
with  those  in  which  a  formation  of  bony  nubstance  is 
present  fn)ra  the  beginning  akmg  witli  the  new  Ibrmation 
of  connective  tissue  (osteojibrama). 

Soft  fibromata  are  distingui^^bed  from  hard  fihnimatu 
bv  a  It'??  ri'biist  development  of  the  fibrous  substance. 
The  lint  tli;it  tlicy  contain  more  tissue-juice  may  alone 
accuuiU  for  tlieir  sailer  consistence.  The  tissue  of  au 
originally  bard  fibnmia  may  become  edematous  from 
passive  congestion  ;  tbe  bundles  of  fibers  are  forced  apart 
bv  the  collection  of  fluid  between  them,  clel^  are  formed 
(flate  44,  Fig.  1).  and  the  cells  and  fibers  cnlat^  by 
maceration.  At  the  same  time  a  metaplasia  into  true 
mucous  tissue  may  take  place  {fibroma  myTomafodes),  the 
cells  becoming  stellate  and  branched,  and  the  intervals 
twtween  the  processes  being  filled  up  with  a  mucin-con- 
tiiining  substance  which  is  coiipulateil  by  acetic  acid. 

In  ihe  soft  varietii's  tbe  connective  tissue  presents  a 
more  or  less  areolar  structure,  with  shorter,  more  loosely 
arranged  fibers  and  a  greater  diversity  of  the  cells.  Among 
the  short,  fixed  spindle-cells  some  polygonal  elements  well 
provided  with  plasma,  and  circular  or  oval  cells  witb  dark, 
aet!8i>,  circidar  nuclei  suggesting  lymphocytes  are  found. 
They  are  the  so-called  "wandering  cells"  of  tbe  con- 
nective tissue ;  the  cell-body  is  sometimes  completely  i 


t 


COyNECTTVE-TlSSUE  TUMOSS. 


with  iunumerable  grnniilt?3  which  etaiu  with  eosin  ("eosino- 
phile  cells");  in  addition,  leukocj'tea  with  fragmeDted 
Ducloi  are  also  found  tnattere*!  throiigli  the  tiasue  in  variable 
numbers.  These  varieties  of  tibruiua  usually  bc^tn  in  a 
connective-tiBsne  matrix  which  ia  normally  loose-nieshed 
and  rich  in  cells;  thus  the  majority  of  "polyjm"  found  in 
ihe  upper  air-patisagea,  in  tiic  guatro-intcstinal  canal,  and 
in  the  uterus  present  this  structure.  As  their  develop- 
ment ia  usnally  associalttl  with  protracted  chrtmic  inflam*- 
matory  conditions,  tlie  greater  number  and  variety  of  oella 
that  they  contain  are  at  once  explained.  As  they  grow 
out  from  the  submucosa  or  the  alratum  propitum  they 
push  the  epithelium  liefore  them  and  are  completely  in- 
veatcd  by  it,  unless  some  secondary  inflammatory  process  or 
pressure- necrosis  destroys  the  epithelium.  Thus  the  ex- 
ceedingly common  nasi!  polypi  are  covered  with  several 
layers  of  cylindric  epithelium  in  which  even  the  cilia  are 
sometime<4  demonstrable.  The  epithelial  investment  may 
also  undergo  some  secondary  metaplasia  and  may  becoma, 
low  and  flat.  As  the  polyi)oid  structure  rises  above  thft 
level  of  the  surrounding  mucous  raerabi-ane,  glandular 
constituents  are  necessarily  incUuled  in  its  mass;  these 
glandular  coustitiientB  may  grow  actively,  and  in  this  way 
glands  sometimes  develop  within  tlie  ]>oiypus  and  project 
far  beyond  the  normal  mucous  membrane  (gtamlular 
polypus,  JUro-ndenomn).  Not  infrequently  tlie  glands 
included  in  the  neoplasm  are  distinguished  Ity  their  special 
tendency  to  the  formation  of  goblet-cells  and  the  accumu- 
lation of  lai^  quantities  of  mucus;  the  lumen  of  the 
glands  becomes  dilated,  and  the  ducts  occluded  by  dis- 
placement or  kinking  of  the  canal.  In  this  way  large 
cystic  cavities  containing  in  their  interior  concentrically 
arranged  masses  of  mucus  and  desquamated  and  swoll^>, 
epithelial  cells  are  produced  ("  ci/sHc  polyp  "  and  "  cysHv 
fhvoma'^).  In  the  uterus  especially  these  cystic  poly|M 
ol\en  attain  a  respectable  size  and  the  originnl  fibrous 
ground-tissue,  the  true  tumor  body,  is  gradually  over- 
shadowed by  the  epithelial  structures  and  their  excretory 
products,  ^ 
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Owing  to  the  great  loiispntsa  of  their  parenchyma  soft  J 
fibromatu  are,  an  a  riilo,  muth  more  riclily  supplied  with  J 
bluod-vtfdaelH  tlmii  the  Imrder  tumor».  1  he  vascular  d^  ■ 
vclopmeut,  tspeoiully  in  tumors  of  tlie  polyjwid  variety^  £ 
may  attain  an  excessive  degree  which  may  reveal  itself  1 
even  macroscopically  by  the  softness  of  the  tumor  and  its  1 
dark-red  discoloration  (so-called  "  riuepberry  pnlypv»"),\ 
The  blood-vessels  are  greatly  dilated,  and  their  cells  pre-  J 
sent  an  atypical  structure,  iK-ing  estraordinarily  thin  ;  in ' 
fact,  mere  tubes  of  enduthetiuui ;  or  the  t^ntinuuus  endo-' 
theliul  lining  is  absent  ultogelht-r,  and  the  blo<;d  conrscsJ 
thruusli  irregular  cavernous  spaces,  giving  the  tumor  an  I 
'  erectile  characttT  [fibronia atu/lonuitodee,  caivrnamim,  fetoit-r 
ffiectatieam).  The  natural  results  of  the  insufficient  de- 
velopment of  the  widls  are  laceration  of  the  vessel  audi 
extravasations  of  blood  either  into  the  tumor  or  into  tbeS 
surrounding  tissue.  Especially  in  the  uterus  and  some-J 
times  in  tbe  nose  and  in  the  stomach  these  vascular  polypi  f 
give  rise  to  considerable  liemorrhages,  I 

Some  varieties  of  "  nevus,"  which  are  to  be  described  I 
more  fully  later,  ought,  in  view  of  their  histologr,  to  bel 
included  among  these  telangiectatic  trbromata  ("««!«« I 
vaaeultmia)  (see  Plate  49,  Figs.  1  and  2). 

If,  as  happens  in  rare  cases,  the  lymph- vessels  in  a  1 
fibroma  undergo  an  excessive  development  in  number  and  1 
size,  the  tumor  is  called  a  Itimphnrtgiecfatic  fhrama.  Wlien  1 
this  form  of  tumor  is  diffuse,  it  leads  to  so-called  "  eU-  | 
phaniiaeiK,"  in  which  the  new  formation  of  fibrous  tisene  ] 
combined  with  the  extraordinary  development  of  large  1 
lymph -vessels,  some  lined  with  high,  almost  cuboid  endo-  I 
thelial  cells,  usually  involves  an  entire  limb,  es|)ecially  the  I 
lower  extremities  or  the  estemsd  genitalia.  In  this  con- 
dition also  chronic  repeated  inflammatory  processes,  espe-  1 
cially  relapsing  erysipelas,  appear  to  cause  connective-  J 
tissue  proliferation. 

Finally,  the  combination  forms  of  fibroma  with  other 
tumors  must  lie  nit>iilioiiod.  Nut  infivtiuently  fibromata 
after  the  type  of  the  variety  with  a  jxior  cellular  develop- 
ment  present  fatty  cells,  both  iu  the  central  and  in  the  J 
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I  peripheral  portions  of  the  tumor.      Hero  we  must  dii- 
Bnguish  lictween  a  metaplastic  form  and  a  tru«  mixed 
fi)rm.     The  foraier  is  prodiieed  by  gradual  partial  con- 
version  of  the   COD uective- tissue   cells   ioto  fat-cells  bv 
^^  exactly  the  same  process  as  in  the  formation  of  normal 
^^L&tty  tissue — i.  e.,  the  cell-body  of  a  connetitive-tiasuc  cell 
^^■^ecomes    swollen    and    the   seat   of   fat-droplets,   which 
^^Pooalesce  and  form  u  larger  drop  until  the  original  proto- 
plasm is  reduced  to  it  delicate,  membranous  ixirder  and 
the  nucleus  is  crowded  to  tiie  wall.     This  represents  n 
true  fatty  infiltnitiun  of  a  fibn>ma,  and,  according  to  the 
principles  laid  down  above,  should  be  designated  a  "Jibromn 
lipomatodes,"  to  di^'tinguish  it  from  a  true  "fibrolijiomtt," 
which  is  formed  by  the  simultaneous  proliferation  of  fatty 
tissue   and   new   formation   of  connective   tissue.      The 
above-mentioned   renal  fibromata,  which  are  frequently 
multiple,  often  present  at  their  center  a  metaplastic  fat- 
formation. 

The  combination  of  fibroma  with  the  development  of 
muscle  tumors,  especially  in  the  uterus,  the  Jxbromj/oma 
or  myojibroma,  is  generally  familiar.  These  neoplasms 
often  attain  a  collossal  size,  and  their  structure,  so  far  as 
the  muscular  elements  are  concerned,  calls  for  further 
study.  The  combination  with  epithelial  neoplasms,  the 
BO-called  /lapiUomala  and  mlcnojibroiiiulii,  has  alri'ady 
|:been  mentioned.  They  will  be  described  more  fully  with 
e  group  of  fibro-cpitheJial  Inniors. 

It  is  not  altogether  easv,  in  a  histologic  sense,  to  make 

sharp  division  between  fibroma  and  sarcoma.     Tbe  soft 

bromata  especially,  as  we  have  seen,  exhibit  a  certain 

riability  in  their  cellular  elements  which  is  enhanced  by 

Ketaplastic  processes  or  by  the  association  of  other  kinds 

F  tissue  in  the  tumor-formation.     But  in  everj'  case  the 

Iplements  represent  fully  formed,  mature  tissue,  and  the 

bdividual  kinds  of  cells  are  imiform  iu  shape  as  well  as 

'i  other  respects.     But  when  the  tumor  begins  to  a.*anme 

a  atypical  cliaracter,  the  pn>ces8  of  differentiation  and  the 

reater  individuality  of  (lie  cells  at  once  become  evident 

t  ri»  appearance  of  a  great  variety  of  form^jrhi^H^- 
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(licjite  an  arrest  at  a  youtiger,  indifferent  stage  of  deveIo_ 

nient,  anil,  -m  reganls  their  sine,  tlie  slmi>e  of  the  body, 
outline,  and  cliromatin  contents  of  the  nudd,  present  cou- 
^dembk*  ditlercnccs  amone  one  another.  It  i»  only  wlieu 
this  atypicid  gniwth  of  tiie  tumor  is  quite  evidejit  l" 
the  term  "fibrosarcoma"  is  ju»tifiable  (Plate  52,  Figi 
and  2;  Plate  53,  Fig.  1). 

Myxoma. 

The  myxoma  is  coni|wsed  exclusively  of  mucoid  tiaa 
such  as  occurs  only  in  the  fetal  organism  as  the  foreniDOB 
of  connective  and  fatty  tissue  and  at  the  lime  of  birth 
is  found  solely  in  the  umbilical  coiil  in  the  form  of 
Wharton's  jelly.  For  this  reason  many  aulliors  do  not 
include  the  myxoma  among  the  tyjiiciU  tiiniur-formatioias 

It  has  been  shown  that  the  metaplastit;  pruductiuu  c 
mucoid  tissue  is  not  infrequently  observed  tn  fibroma; ' 
is  equally  frequent  in  lipoma  and  cbrondroma  (fibre 
lipoma,  chondroma  myxomatodes).  The  process  coomsta 
in  a  disappearance  of  the  ground-rsnlwlance  of  tbe^ 
tumors — i.e.,  of  the  fibers,  fat,  or  hyaline,  cartilaginous 
substance,  and  its  replacement  by  a  mut^nid  or  gelatinous, 
semifluid  mass  which  is  coagulated  by  acetic  acid.  (It 
has  been  pointed  out  previously  that  a  simple  edematous 
swelling  of  connective  tissue  is  not  to  be  confonnded  with 
tlie  formation  of  myxomatous  tissue.)  T!ie  oells*  at  the 
sanie  time  suffer  a  material  change  of  shape ;  they  swell 
u]i,  their  protoplasmic  bodies  liecorae  polygonal  and 
usually  granular,  and  send  out  multiple  or  forked  and 
branching  processes,  which  interliice  and  form  a  felt-like 
network,  within  the  meshes  of  which  the  mucous  gr(»uud- 
substance  is  suspended. 

Exactly  tlie  same  structure  is  observed  from  the  be- 
ginning throughout  the  tumor  in  the  much  muro  nn- 
commou  pure  myxoma.  The  spindle-sliuped,  stellate,  or 
spider-like  cells  with  their  numerous  processes  arc  Ix-st 
isolated  in  recent,  teased  preparations,  the  typical  strnclure 
being  more  difficult  to  recognize,  and  the  multiple  proc- 
esses are  also  lees  distinct  in  hardened  sections  on  occoqi 
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of  the  great  loss  of  water  fnim  the  soft  tijssiif.  Tliis 
loose,  (MitV  tismie  is  usually  travenscd  by  bundlts  uad  septa 
of  eoniewliat  di'iixcr  fibrous  tis8iic  fur  the  aocunimodattvD 
of  the  blood-vcssi'lfi,  which  are  often  well  developwl, 
Leukocyt«s  in  variable  uiiiuIhts  are  foimd  scuttercd 
throughout.  Not  infreiiueiitly  miiuili;  ijit-droplels  are 
seen  in  the  prutuplusm  of  the  eollij  and  at  ijie  boBe  of 
their  proees«». 

A  combination  of  prolifenition  of  rayxotnatous  tissue 
with  new  formation  of  other  kinds  of  tissue  is,  on  the 
whole,  more  frequent  than  a  simple  myxoma.     Streaks 

I  of  myxomatous  tissue  are  nbserN'ed  iu  many  so-called 
nirra  tumor*,  pprticubirly  those  which  occur  iti  the 
parotid  gland  and  in  the  testicles.  In  these  situations 
Hie  myxoma  occurs  in  connection  with  fibrouiatuus  foci, 
oartilagiuous  and  osseous  tissue,  and  occnsiouully  epithelial 
formations  or  cystic  structurts  (Fig,  XXXVI.). 
Like  fibroma,  pure  myxoma  sometimes  develops  in  a 
multiple  form  along  the  course  of  nervi-s  (so-called 
"  neuromffxoma").  Myxomata  also  occur  in  p(?riosteum, 
in  the  cutis,  in  the  honrl,  in  the  roarn)w  of  bone,  and, 
especially  in  tlie  new-lwu-n,  in  the  mesentery,  where  they 
.occasionally  form  extensive  gelatinous  tumors  which  pro- 
,tnide  from  the  alxltmien  as  soon  as  it  la  o|x^ned, 

When   the  cells  of  a  myxoma  are  numcraus,  closely 

and  polymorphous,  the  tumor  is  Hpoken  of  as  a 

[1  it  is  pi-obalile  that  the  combination  of 

two   varieties  of  tumors   was   present  from   the  be- 

inning.     It  is  needless  to  say  that  secondary  conversion 

ito  mucoid  tissue  by  soOeniug  and  the  deposition  of  a 

slatinous,   mucoid   substance    may  occur   in  a  sarcoma 

aavconta  myxomntomivi "). 

The  myxosarcomata  arc  usually  distinguishc*!  by  the 
rmation  of  very  large  polyniiclear  cells. 

Upoma. 

The  term  "lipoma"  is  applied  to  a  tumor  consisting 

Exclusively  of  latty  tissue.      Histolofricidly,  it  does  not 

^  cr^scntial  difference  fnim  llie  t^tnictnre  of  t* 
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p»Diiu'iiliia  adiitoi^iiis,  nor  is  il  alwa_vs  i(uiie  easy  to  (\f& 
the    boundary    l)ftwt'eii   a   GircumscrilH?*!    adiixisi  _ 
tiimor-fomiiitton — lor  example,  in  Ro-calli-il   Madelung'fl 
fatty  neok  {liponui  aniiiUare  cotli).     Bill  in  nuist  rases  niQ 
liptimu  18  a  uistiiictly  eircumecrilx'd  tumor  of  cxlremds 
variable  sizf.     ITsually  lipoma  is  primarily  due  to  1 
proliferatioij   of   pn-exifitiiig   fatty   tissue   in   the  subcu 
taneouH,  snluerous,  subsynuvial,  intramusc-ular  conucctiq 
tissue,  or  in   the   maiiiniary  glaiitl ;  mure  rarely  lip< 
develops   in  organs  whicli   do  not   normally  i^ntmn   : 
(aside  from  the  hiJiis  and  caiisuk') — e,g.,  in  the  moningi 
in  the  larynx,  and  even  in  the  liver.     Such  msee  «ig| 
an  anlagc  for  the  tumor  from  the  dii^seiiii nation  of  g 
of  fatty  tisaue   dnrinji   fetal   life,  unle^  one  chooaue  i 
assume  a  metaplastic  formation  by  the  deposition  oi"  f 
in  original  fibrous  Inniors. 

Sometimes  uniwing  lipoma  presents,  in  addition  1 
typical,  fully  formwl  fat-eells,  wliieh  may  Im'  I'xtremel 
variable  in  size,  young  fat-celk,  circular  or  oval  i 
stnictnre,  with  one  or  more  nuclei  and  an  extensive  p 
topiasm,  containing  a  few  scattering  I'at-droplcts. 
vasc^ularieation  of  lipoma  is  usually  quite  alttmdant;  i 
lai^r  arterial  and  \enou8  trunks  arc  carried  in  oonm 
live-tissue  septa  Iwtween  the  individual  cluRters  of  f 
and  send  out  smaller  branches  between  the  cells.  Ooc, 
siunally  telangiectatic  areas  develop,  especially  in  peduDoji 
late<l  lipoma  of  the  skin.  i 

LijKima  is  subject  to  a  variety  of  retrograde  mctamoi 
phoses  which  sometimes  obscure  the  original  texture  of 
tiie  tumor  and  render  it  quite  unrecognizable.  Thus,  the 
fatK«lls  may  undoi^  eomplcte  williqualion,  with  dissolu- 
tion of  their  nuclei  and  disappearance  of  the  connective- j 
tissue  envelops  and  septa  of  tne  individual  clusters.  T" 
lipoma,  or  a  part  of  it,  is  thus  converted  into  a  cyi 
cavity  filled  with  an  oleaginous  mass.  Mucoid  sofletiUB 
of  lipoma  is  also  observed  in  rare  cases ;  a  mucoid,  etrinf 
substance  is  dejiositwl  in  the  intervals  between  tlie  1 
cells;  more  rarely  a  true  conversion  of  the  lat-cielle  ! 
stellate,  myxomatous  cells  embedded  in  a  mucoid  grouiu 
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Bubslance  takes  place  {lipoma  mi/xomfiloHriH). 
other  hand,  a  lipoma  may  become  induratetl  cither  by 
progressive  increase  in  the  Khrous  intorooUiilar  fsubstance 
and  consequent  fibrous  nielaiiiurphogii^  (lijiniim  durum),  of 
by  the  depositiou  of  calcium  salts.  In  the  iititial  stages 
the  cell-biKlieti,  especially  ill  the  peripheral  eells  of  the 
clusters,  are  filled  with  newUes  of  fatty  acids,  in  combina- 
tion with  calcinm,  presenthig  a  brush-like  or  radiatiue 
arrangement,  and  lat«r  the  entire  tumor  may  be  converted 
into  a  dry,  mortar-like,  or  chalky  mass  (lipoma  pdi-ifivmn). , 
Combinations  of  lipoma  with  other  forms  of  tumor  arc 
also  qnite  frequent.  Especially  in  mullijde  lipoma  of  the 
skin,  as  in  the  case  of  the  analogims  multiple  libn>nia,  it 
is  possible  to  demonstrate  some  conncctinu  with  the 
nerves,  which  also  reveals  itself  quite  clearly  in  the 
clinical  phenomena  caused  by  these  tumors  [adiiwsitas 
dolorosa. — Ed,].  Such  lipomas  sometimes  contam  numer- 
ous nerve  fibers ;  but  whether  they  are  newly  formed 
fibers  or,  what  is  more  likely,  whether  the  lipoma  has 
formed  in  their  connoctive-tissuf  sheaths  (so-called  ncuro- 
Hpovia),  is  au  open  question.  Fatty  tissue  is  also  found 
in  the  teratoid  mixed  tum()rs. 

Chondroma. 

Chondroma  is  a  tumor  ttonsistingof  farlilajjinous  tissui 
In  most  cases  it  takes  its  origin  iu  preexisting  cartilug&l 
When,  for  example,  a  small  cartilaginous  outgrowth  fonua.! 
in  the  articular  cartilages,  it  is  known  as  an  ecchondrogin ; 
but  when  cartilage  forms  on  the  surface  of  (wrls  of  the 
skeleton  and  exhibits  au  independent,  tumor-like  character, 
the  term  "  ecchondroma  "  is  used.  When  a  cartilaginous 
tumor  originates  in  the  marrow  of  liones,  it  is  willed 
enchondroma. 

Microscopically,  chondroma  resembles  hyaline  carttlagtf. 
more  than  any  other  variety ;  but  occasionally  the  picturai' 
of  fibrous  or  reticular  cartilage  may  \k  pHxiuced. 

The  parenchyma  of  a  chondroma  usually  consists  of' 
cells  encloseil  in  a  hyaline  ground-sul)stance.     The  lat( 
f  present  grciif  variety  !»=  iv>;^rds  rjcti>;i(y  ;  even 
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PLATE  45- 
Fio.  1. — Chondroma  from  the  Luaga  (Hemitt.-<: 
I,  Hj'ulinu  i/nrliliigi  111)116  Biilntun™  with  (iJi^tini't  Infu: 
KOCUiuiiltiCiiiii  iif  (1  IN  mil- Live  tJafiii'. 

Fia-  :i.— Chondroma  from  the  PvotJd  Qlsnd  (□eruHt.-r 

.  2B»I. ) :  1,  Hj-nliiiR  grouiiU-siilianiiicv ;  '2.  i.-unillBg.-*cllBT  S,  i 
cnrtilngu-ci-'llj  in  'i  einglo  cavity  ,  4,  calcilieil  I'upiiul^  of  iiicutiv. 

smsill  spctinn  of  the  same  tumor  compjict  portions,  i>(>f>r 
ill  cells  and  usually  prtsientinj^  a.  darktr  stain  tliiiu  the 
ueigliboriug  lisdui',  alternate  with  paler  and  more  loosely 
arranged  ctOls.  In  the  first  plaire,  tlie  conipa(!tut;s9  witii 
which  they  are  arranged  is  extremely  variable.  The 
cells  may  be  s*}  ahiinannt  and  so  closely  paeked  as  to 
leave  only  narrow  bridges  of  gronnd-subslance ;  the 
arrangement  of  cells  niiiy  thus  remind  one  of  the  picture 
of  a  large-colled  eartiiage,  sometimes  even  of  the  cartilage 
columns  in  normal  ossification,  and  there  may  be  a  certain 
KgularitT  in  the  position  of  the  cells.  As  a  rule,  how- 
ever, they  are  scattered  through  the  ground-substance 
with  apparently  no  attempt  at  regularity,  and  they  may 
be  8o  scanty  that  brond,  hyaline  islands  and  bridgt 
remain  hetwwn  them.  The  form  and  size  of  the  i 
are  also  subject  to  considerable  variations.  They  are  moB 
frequently  circular  or  oval,  and  have  a  small  vesicular 
nucleus,  although  in  the  outer  layei-s  of  the  tumor  or 
tumor-lobes  epindle-shape<l  elements,  reminding  one  of 
connective-tissue  cells,  and  irregular,  dentate  forms  also  , 
occur.  Sometimes  they  contain  more  than  one  nuclec 
The  cells  are  usually  surrounded  by  a  distinct  capsuW 
sometimes  two,  thrt*,  or  even  more  cells  arc  found  witbis 
one  capsule.  The  line  of  Reparation  between  the  capsule 
and  the  surrounding  hyaline  ground-substance  is  also  quite 
variable  as  regards  distinctness ;  the  density  nf  the  cap- 
sule may  be  extraoniinarily  variable,  and  sometimes  d^^ 
tinctly  circular  rings,  presenting  a  shaqi  contrast  in  tb( 
tinctorial  qualities  to  the  surrounding  tissue,  may  1 
formed ;  occasionally,  however,  the  capsules  way 
altt^ther  absent  and  the  cells  may  l>e  contained  in  cavj 
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^^ndes  within  the  ground-substance,  without  any  att(?nipt  at 
delimitation,  The  latter  condition  is  re^iilary  observed 
in  the  special  form  of  tjie  so-called  onteoid  chondroma 
described  by  Virchow,  which  hab  usually  its  origin  in 
the  periosteum.  It  consists  entirely  of  a  homogeneous 
groundrsiibstance,  which  is  not  lamellar,  and  exhibits  a 
great  tendency  to  calcification,  and  of  cells,  for  the  most 
part  spindle-shaped,  inclosed  within  the  ground-substance. 
As  cartilaginous  substance,  even  in  tumors,  is  devoid 
of  blood-vessels,  chondroma  as  a  class  presents  a  more  or 
less  fully  developed  connective-tissue  stroma  which  carries 
the  blood-vessel  and  tiaverses  the  cartilaginous  substance 
in  the  form  of  septa,  inclosing  circular  portions  of  the 
tissue  and  thus  giving  the  tumor  a  lobulated  structure. 
This  connective  tissue,  therefore,  represents  the  perichon- 
drium in  cartilaginous  tumors. 

A  special  form  of  chondroma  sometimes  develops  in 
the  clivus  of  Blumenbach,  protruding  from  the  spheno- 
occipital suture,  breaking  through  the  dura  mater,  and 
bulging  out  into  tiie  cranial  cavity  in  the  form  of  a  soft 
nodule  the  size  of  a  cherry-stone.  This  tumor  was  desig- 
^  Dated  by  Virchow  ernhondro»u  ephtiio-occipUalis  phynaii- 
fora,  and  was  attributed  by  H.  Miiller  to  the  growth  of 
lOrviving  germs  of  the  notochord,  and  accordingly  called 
'  Eibbert  chordoma.  It  consists  of  large,  balloon-like 
Is,  imbedded  in  a  hyaline  substance  which  is  usually 
t  sparingly  developed.  The  cells  are  circular  io  shape, 
ssess  a  small,  somewhat  crescentic  protoplasmic  body 
]  a  small  nucleus  of  great  density,  and  contain  one  or 
ire  alveoli  filled  with  fluid,  (On  account  of  its  swollen 
^pearance,  resembling  plant-cell:?,  tlie  neoplasm  has 
Eceived  the  name  "p/tysa/i/brww'jt.")  The  investigations 
f  Ribbert  show  that  the  tumor  projects  into  the  bony 
Ribstance  of  the  sphenoid  and  of  the  occipital  bones,  the 
(liedullary   cavities  of  which  .ire   in   part  filled  by  the 

Owing  to  deficient  vascularization  of  cartilaginous  sub- 
«,  especially  in  large  cartilaginous  tumors,  rclrctgrcs- 
metamorphosis  is,  of  course,  exceedingly  common  j 
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FIGURE  Xil.  

Chondroma  of  the  Stcmum  (Itwvnt  Vmxen  Section. 

,   Uynlijiif  j;mii(irl-»ub«tiiiii.'i- ;  2,  t'Krtila^'-t'elU ; 

I'Vml  i-urtllnp'-i'i'lU  wllii'li   Imvu  undnrf^uuo  |MrtiHl  (kdj' d«g 


pntcosdes  uf  soncning  arc  pnrticiilorly  frc<[Uei)t  in  iLe 
cartil»gc,  Tiio  grHund-snltslJiiuv  dis«iKi.'s  ami  is  i-on- 
vcrt«J  into  k  coUtrk'Ss,  wuIcpv,  iir  ^^niu'wliiit  viscid  fluid. 
At  the  siirai-  time  tlic  cdls  uiidor^i  tliiiv  iK^nemtioii. 
In  tills  wiiv  vystic  cavitira  art-  fiiniu-d  in  llie  inli-rior  of 
tlic  tiiiQor-nu(liili«  {/•fiotiih-onut  ri/frf/'-ui/i).  wliiili  at  finit 
arc  ilivi'luil  liy  a  few  reninining  mijIh  into  (-<>tii[iiirtnientp 
like  the  divisions  of  a  fan,  until  hnallv  ilii>i-  ^-plii  ulsw 
(lisinijiear.  The  prwtss  is  nut  to  Im;  cwdinindeii  with 
softening  dne  to  metuplustic  conversion  into  trno  inyxunmt- 
DU8  tissu4>,  wliieh  also  is  obaervwl  not  Infi^ueDtly  in 
chondroma  (chondr'oma  myxomalotlen).  This  process  leads 
to  solution  of  the  hyaline  ground-sul>stancc  and  its  eon- 
verejon  into  a  distinctly  mucoid  material,  the  nature  of 
which  is  usually  at  once  reoogniwd  by  the  intpnge  hlue 
color  in  preparations  stnin^  with  hematoxylin.  The 
cells  lose  their  capsules  and  are  converteii  into  stellate 
atructiircs  with  branching  procci^ses  wlii<'h  anastomose 
with  one  another.  The  line  of  separation  Iwtween  this 
structure  and  the  cartilaginous  substance  ia  usually  very 
indistinct. 

Calcification  is  fntpiently  obsep\'ed  in  chondroma,  usually 
in  the  form  of  an  irrt^ular  sprinkling  of  cnmihling  gran- 
ules of  cidcium  sails,  so  that  to  the  niiki-d  rye  the  tumor 
in  cross-seelion  apjicars  to  he  covereil  with  whitish  spots. 
At  fir^t  the  pnwess  consists  of  a  deposition  of  very  minute 
particles  of  lime,  i«pecially  in  the  eell-capsnles  and  the 
adjacent  parts  of  the  ground-substanoe.  As  the  calcium 
is  not,  as  a  rule,  deposited  in  regular  circles,  nnd  gaps 
remain  between  tiie  ffeposits,  which  in  a  transverse  section 
appear  triangidnr.  with  the  base  directed  towani  the  cell, 
the  histologic  picture  presents  the  greatest  similiirity  to 
true  bone-subshinw,  especially  when  the  ground-sul)st« 
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X'llpj  has  also  tindergiine  complete  calcificatioD. 
A  tier  llie  tak-ium  lies  been  dissolved  out  with  aciil(gj'psuni 
rfaction  witli  sulphuric  acid)  it  becomes  evident  that  the 
ju-ofL'.-is  is  inti  a  true  ossification,  as  no  medullar)'  spaces 
or  Haversian  lamellie  are  iijund.  In  chondroma  that  has 
undergone  complete  ossificution  the  ct'Us  are  usually  de- 
stroy t-d. 

True  bime-formatioii  may  occur  in  chondroma  as  a  meta- 
plttstic  pnn'ess,  in  much  the  same  way  as  in  endochondral 
osiilioitiwn.  The  blood-veseels  contained  in  the  oinnective- 
tisi-up  sopta  first  throw  out  proceseea  and  prwluce  medul- 
lary ^puct's  within  the  cartihi^nous  eulustaucc,  the  cellular 
tjiati'rinl  lit'  which  is  probably  Airuitihed  in  [tail  also  by 
the  lilKTiitfd  I ■ai-tl luge-cells.  Then  tnie  rows  of  iisteu- 
blasts  are  tijrmed,  and  tliis  is  t'oUuwed  \>y  the  orderly 
arrangement  of  bonc-stibstance  in  contiguutis  layers.  The 
jirocfss  of  ossification  may,  liowevcr,  also  progress  by  the 
direct  calcification  of  the  cartilajjinous  (rround-Mibstance 
and  tlu-  couvfnsion  of  cartilage- eel  Is  into  bonc-t*lU  pro- 
vLilvd  with  proeesses. 

It  is  |iriil«ible  that  a  dipplai;ement  of  cartilage  in  fetal 
or  ixistfetal  life  is  resjKtnsible  for  the  formation  of  chon- 
droma. Aside  from  genuine  ecehondrosis,  this  variety  of 
neoplasm  is  fbimd  ehieflv  in  situations  near  where  cartdnge 
is  DorniHlly  prer*nt.  In  this  way  chondroma  of  the  lung 
may  bo  explained  by  the  dis|)laccmt'nt  of  cartilaginous 
portions  from  the  bronchi.  Chondnimn  of  tlie  mamma 
are  derived  from  costal  cartilages,  and  similar  tumors  in 
the  neck  and  in  the  thyroid  gland  from  the  remains  of 
branchial  canals  {brnrtrhiogenie  chondroma).  The  explana- 
tion of  nniltiple  chondroma  that  s<itnetimes  appear  in  the 
soft  membranes  of  the  brain  and  spinal  com  is  more 
diffietill. 

Sciiltered  particles  of  cartilage  are  frequently  found  in 
the  mixed  tumors  of  the  testicle,  the  ovaries,  and  the 
jHirotkl  gland,  and  in  teratoma  occurring  in  the  region  of 
the  coccyx.      In   the  case  of  tumors  gmwing  in  jwatfetal 

■,  Virchow  also  assumed   that  thev  were  dne 
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thecaseof  I'lichondroniiigrowiugtVom  thu  mtHlullnry$pai 
the  pro«*n  being  iiSfislcd  by  ihe  proliti-rtitioi]  tnat  U 
place  in  rit-kftx  and  the  iiTt^iilariliee  in  calufiuition 
ossificaliuti  obanuleristic  of  iliat  disease. 

It  kuij  been  known  t^iuce  time  immemorial  thnt  cl 
tlmmuta,  altlioiigh  they  are  UhUally  coimlcd  among 
so-t-alltxl  Iwnign  tumors,  not  intrnjuently  pres-unl  a 
ency  to  form  metastatie  tumors,  often  of  very  alar  ^ 
extent — as,  fur  example,  iu  the  lung.  This  is  nnnttier 
cxaniplc  of  what  has  Wn  said  before,  in  the  general  dis- 
cussion of  tumors,  that  tlie  hihlologic  slrneture  of  a  tumor 
in  itself  is  no  criterion  as  to  whether  the  tumor  is  beiiij 
or  malignant.  In  the  cat^  of  ohondromata,  metastasis 
either  i<oniiuuous  or  discontinuous.  A  eontinuous  mcti 
tasis  may  sometimes  cover  conBiderable  distance  by  co&- 
tinued  growth  in  the  lumen  of  a  vein  ;  in  this  way  it  may 
often  extend  by  a  eonlinnous  route  into  the  right  htart, 
and,  skipping  ihe  right  ventricle,  continue  to  grow  into 
the  pulmonary  arteries.  Discontinuous  metastasis  also 
occurs  from  the  encrouehment  of  the  primary  tumor  on 
venous  trunks  and  the  propagation  of  particles  of  the 
tumor  by  the  blood  current.  Thi.«  peculiarity  is  evidenf*  ~ 
due  to  the  great  power  of  trauE^plantation  possessed 
cartilaginous  tissue. 

Combinations  of  chondroma  with  other  tumora  (d 
'Irofbroma,    choiidromyxuma,    osieocbondrom<t)    are    mi 
more  frequent  timn  the  pure  forms,  and  are  produced 
Ihe   simultaneous   pniliteration  of  various  tissues, 
important  variety  is  chviiiironarci'tna,  wliidi  will  be  di 
cussed  at  greater  length  elsewhere. 

Osteoma. 

It  is  often  more  difQcull  in  the  ca.se  of  osteoma  than  in 
the  case  of  chondroma  to  make  a  sharp  distinction  be- 
tween a  true  neoplasm  and  circumseribi'd  liyperpiastio 
prooesses,  on  the  one  hand,  and  secondary  ossification  in 
various  kinds  of  lumors,  on  the  other  hand.  With  the 
latter  we  have  already  formed  some  oequairtance  in  ooa- 
necliou   with  the  discussion  of  fibroma  and  chondroia 
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fuid  we  shall  meet  tlicm  again  among  certain  forms  of 
sarcoma.  They  are  clue  to  a  metnplastio  tbrmution  of  true 
bony  substance  in  circumscribed  portions  of  other  forms 
of  connective-tissue  tumors,  anil  it  ia  obviously  not  justi- 
finble  to  speak  of  an  "  osteoma,"  or  fibro-osteoma,  or 
chondro-osteoma  in  describing  such  tumors,  which  should 
be  designated  as  ossifying  fibroma,  chondroma,  etc, 

MucTi  more  frequently,  however,  tumor-like  formations 
of  bone  are  observed  in  direct  or  indirect  connection  with 
parts  of  the  skeleton,  as  outgrowths,  so  Uy  speak,  or  as  a 
circumscribed  or  diffuse  increase  in  the  volnnie  of  the 
bone,  and  these  formations  must  !»  diatiiiguished  from 
true  osteoma. 

Diffuse  thickening  of  bono,  a  condition  in  which  the 
cortical  layer  of  long,  or  sunietimes  of  6iil,  bones  is  in- 
creased in  all  its  dimensions,  and  a  large  portion  of  the 
Bpongy  substance  also  is  converted  into  coniimct  bone  by 
tne  encnMchnient  of  systems  of  lamellje  on  the  meihiilary 
spaces  (" ehurnation"),  is  designated  hyperostonh.      If  the 
increase  in  volume  is  local  or  circn  inscribed,  the  outgrowth 
may  l>e  cylindric,  clnb-shaped,  papillarv  (wart-like),  hemi- 
spheric, or  tubercular — txodosia — or  tlie  structure  of  the 
oulgrowth  may  be  less  compact,  and  s]wingy — ndfophyie. 
Among   the  exostoses   we   dlstinguii^h    those   which   are 
situated  directly  upon  the  bone  and  which  are  known  as 
eontimioun,  from  those  which  nre  found  at  some  distance 
from  the  bone  in  the  adjoining  soft  parts,  and  which  are 
known  as  liucmUinuoiix  exostoses.     When  the  exostosis  is 
I  connected  with  the  bone  by  a  fibrous  bridge  derived  from 
1  the  periosteum,  it  is  known  as  n  movable  eTostoxia;  and 
I  when  it  is  situated  outside  nf  the  periosfenni,  it  is  called  a 
I  parogteal  exonloats;  and.  finally,  when   it  is  possessed  of 
I:  ft  cartilaginous  investment  like  the  articular  surfaces  of  the 
I  epiphysis  it  is  known  as  a  eariilariiwiuft  erostoaU. 
I      These  formations  all  result  from  hyporpliiatic  or  chronic 
P  inflammatorv  processes. 

I      In  this  class  also  belong  processes  of  ossiDcation  in  the 
I  intramuscular  connec^tivo  tissue,  which  may  result  in  ex- 
ive  bone  prodiiciiun   nnd   either  lead  to  a  complete 
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Osteomaof  the  Dura  Mater.  (Tliinly  Omiiiiil  .^oi'tion.  i< 
1,  VuK'iilBr  inwluilnrj  »iiuti.ii ;  a,  lump  isubounn.-  wilh  luiiiirlUr 
BvHtion ;  H.  ilosul;'  piuiltBd  bonc-corpuMle ;  i,  pupillary  surfiwe  at  the 

b»ny  ftrnunCluiift. 

conversion  of  the  muscle  into  irregular  and  jagged  bone 

{(issifi/iriff  mi/omtiK);  or,  when  thev  are  diii;  to  iIil'  rejieated 
and  intermittent  action  of  pressure  or  of  a  blow  {nilcrti^ 
bone  anil  "  Exccrcierknotrhen "  in  the  alHluators  of  the 
thigli  and  in  the  deltoid  nnisele)  cii-cuniscribed  masses  of 
l)one  may  ii>rm.  Some  aiitliors  (Zit^ler)  attribute  the 
occurrence  of  these  processes  to  a  |>«Hiliar  congenital  pre- 
disiHisition. 

Sonic  of  the  po-t-jlled  osteoniata  of  the  lungs,  PBiwciallj'  ■ 
the  small  coral -shaped  and  dentate  formations,  must  also 
he  attributed  to  secondary  Ixme-fiirmation  in  ctHinective- 
tis^ue  proliferations  on  a  clinmic  inHanimatorv  base. 

It  is  hardly  necessary  to  state  that  the  massive  deposi- 
tions of  ealearenns  material  in  the  form  of  scales  or  plates 
in  tbe  pleura;  and  the  pericardium  uhich  are  the  result  of 
organizalion  of  exudates  and  oft<'n.arc  enormously  thick, 
forming  a  veritable  cuirass  around  the  heart  and  lungs, 
are  not  to  lie  included  among  the  ostcomata,  although  they 
were  formerly  so  clas-^ifiwl.  Tbcy  ei'n^ist  simply  of  petri- 
fied connective  tis.sue,  which,  however,  when  examined 
nnder  the  niicroscoiic,  niav  exhibit  a  certain  similarity  to 
hour  so  Inn-  ;is  tli.>  ells  have  nol  .li-app-'annl. 

H.n.'e,  il'all  tb<>>e  •' pscuilo-o>t.>o(iiata  "  are  excluded, 
tbe  domain  of  the  true  osteoma  appeal's  much  restricted. 
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It  includes  only  such  neopliigm.s  as  nngiiiiitc  trum  llit'  be- 
ginning in  a  tunior-mutrix  cif  true  l>one-snbstaDce.  They 
are  formed  exclusively  on  a  niiitrix  timt  also  produces 
nurmal  bone — i.e.,  they  are  either  enchondrsil  or  jierios- 
teal ;  althongh  it  is  true  tli:it  the  lir-t^iw  wliit-h  aet!<  as  the 
germinal  layer,  on  accoiiiii  of  ili-lnrniioiiw  iliat  have 
occurred  either  during  t'etiil  ur  iliiiinL'  ]iii'lH'tal  life,  often 
fails  to  show  the  nurtiial  relulioiio  w  illi  tijc  skeletal  system. 
From  a  histi>lt^ic  standpoint,  tlieti,  the  retjuirements  of  a 
true  osteoma  are  that  it  shall  present  all  the  charaeteriutics 
of  true  bone, — catoified  grouud-snbstance,  typical  cell- 
production  with  processes  and  medullary  spaces.  Two 
main  forms  are  di6tingiiiahe<i,  depending  on  the  density 
of  the  texture,  the  conipad,  and  the  apoiigy  osteoma.  The 
former  imitates  the  structure  of  the  cortical  layer  of  the 

■  Iwllow  bones ;  the  ground-substance  is  arranged  in  typical 
■jluneUar  systems,  between  what  are  rows  of  I>one-corpus- 
^<<^es.  Haversian  canals  are  uls«i  present.  Tumors  of  the 
^second  group  contain  only  delicate  bone-trabeculie,  like 
f  the  spongy  substance  of  the  skeletal  btines,  and  the  struct- 
tare  IB,  accordingly,  loose  and  spongy.  Birch-Hirachfeld 
I  added  a  third  variety  to  these  two,  the  meiluUurtf  osteoma, 

n  which  the  medullary  substance  pretlomi nates. 
The  growtii  of  an  osteoma  is  eflected,  as  in  the  case  of 
t  normal  bone,  through  the  agency  of  osteoblasts  arranged 

■  Id  rows,  which  first  secrete  ground-substance  and  tiien 
■liecome  included  within  the  gronnd-fiubstance  in  the  form 
lof  bone-«irpuscIes.  It  is  in  the  cellular  material  which 
P  occupies   the   muluUar  spaces   that  the  osteoma   mostly 

■  presents  some  deviation  from  the  structure  of  normal 
I  bone.  In  large  osteomata,  as,  for  example,  in  the  diini 
I  mater  and  most  frequently  in  the  falx  cerebri,  the  bone- 
[- marrow  may  be  well  developed  and  contain  typical  fot- 
Lapaces.  Tfie  origin  of  these  tumors  is  readily  explained 
I  by  assuming  that  p-nrts  of  the  cninial  bones  have  been 
P  displaced  and  included  in  the  dura  mater  which  fills  the 
jfanction  of  an  internal  periosteum.  In  the  compact 
B-OBteoma  of  the   lunps   also   {disregarding  tlie  formation 

from  the  metnplitsia  of  intlammafory  pmducls), 
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wliicli  owe  their  origin  chiefly  to  an  ondocliundnil  i 
cation  of  diaplaceil  rairtilago  derived  from  tlie  bronchnl 
tree,  we  usually  find  a  fiiirly  well-developed  )>onl^-mlUTo4i 
witb  blood- vtasels  and  raarrow-oells.  The  so-caII« 
"  enoMoiaata"  which  grow  iii  the  medullary  cavities  of  the 
lung  bones,  usually  exhibit  a  stnictiire  identieid  with  that 
of  normal  Iwne;  th»<e  tumors  are  supposed  to  be  formed 
chiefly  from  displaced  bone  germs  as  a  result  of  rickets. 

As  regardti  medullary  substance,  however,  especially  in 
the  case  of  spongy  osteoma  growing  in  soft  parts,  it  is 
frequently  impossible  to  recognize  the  structure  either  of 
red  or  of  fat-marrow,  the  structure  being  made  up  soldv^ ' 
of  coarse  fibers  (Plate  46).     The  scanty  blood-ve     * 
enveloped   in   a  more  or  less  cellular  eonnectivi 
which  fills  the  medullary  spaces  and  almost  overywlie 
lies  in  immediate  contact  with  the  bone-tral>eenlm. 
the  development  of  the  connective  tissue  goes  on  hand-inJ 
hand  with  that,  of  the  bony  portion  of  the  neoplasm,  sue] 
a  tumor  is,  strictly  speaking,  an  osteofhroma.     It  is 
less  to  say  that  this  variety  must  be  carefully  distinguislu 
from  those  bone-containing  tumors  which  originally  < 
sist  solely  of  fibrous  tissue  and  in  which  the  bony  i 
stance  is  formed  by  metaplasia  of  a  part  of  this  fibrous 
tissue  [fihroma  oxsificaiia).     When  the  connective  tissue 
in  an  osteoma  is  particularly  rich  in  cells  and  becomes 
arrested   at    an    embryonal,  immature    stage,   the   term 
osteosarcoma  is  used   (see  below).     The  bony  suljstance 
itself  in  such  tumors  presents  some  deviation  from  the 
physiolt^ic  type;  the  lamellar   stratification  disappeatfl 
and  the  bone-corptisclos  possess  no  processes ;  at  the ' 
they  are  provided  with  capsules  (osteoid  mroaian). 

Myoma. 
These  tumors,  which  originate  in  muscle  substance,  i 
be  composed  of  smooth  or  of  transversely  striated  muacta 
fibers.     For  the  first  variety,  which  is  by  far  the  t 
frequent,  the  term  leionu/mna  or   myoma  IcnncfUtdaTt  I 
used ;  for  the  sewindary  variety,  the  term  rluibdi 
or  myoTRd  nfriocellHtarc, 
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Leiomyoma. — Leiomyoma  consists  of  smooth  muecler 
fibers  armnged  in  biindles,  nearly  alwavs  interlaced  and^ 
hnotted,  so  tliat  the  tumor  appears  qi^eric  anil   macro-  'I 
scopicaily   reveals   iti*    iasicular  stnicture    in   transverse  " 
section.     The  miiscle-bu miles  are  eolled  in  every  direction  ' 
and  upon  thcm.-elvcs  like  the  shell  oi"  a  snail,  and  several  i 
indepi-iiitent  fascicular  systems  can  Ik;  made  oiit  as  a  rule; 
this  iirnmj^jmcnt  reculte  in  tlic  typical  nodular  stnictiire, 
which  is  observed  even  in  small  myomuta.     Within  the 
muscle-bundles  the  mnnclc-cells  are  arranged  in  parallel 
layers;  in  a  fresh  preparation, after  it  has  been  thomughiy 
acted  U|Jon  by  acetic  acid,  and  io  stained  sections,  the 
cells  exhibit  HMl-shapcd  nuclei  containing  an  abundant^ 
of  chromatin  and  drawn  up  in  rt^ular  array  at  nniform 
intervals   from   one   another.      These   nuclei  difi'er  from 
connective-tissue  nuclei,  which  are  ]x>inted  at  each  end  < 
("  connective-tissue  corpuscles  "),  by  the  fiict  that  they  are  ; 
of  a  uniform  width  throughout  their  entire  length.     It  is  t 
not  easy  to  bring  out  the  cell-bodies  in  staincrl  prepora^l 
tions.     They  are  so  closely  packed  that  the  lines  of  in-V 
tercelhilar  cement  substance  do  not  l)ecome  visible  with— 1 
out  special  preliminary  treatment.     On  the  other  hand^l 
they  can  readily  be  isolated  in  the  fresh  preparation  by  ■ 
appropriate  maceration,  and  the  shafte  of  tne  cells  is  thai 
well  brought  out. 

It  J3  needless  to  say  that,  in  the  microscopic  prepara- 1 
tions,  the  mnscle-bnndles  are  seen  in  longitudinal,  tran»-  ( 
verse,  oblique,  and  in  a  number  of  interme^Iiate  sections, 
although  each  group  of  clow^ly  aggrt'gattil  cells  alwa; 
appears  in  the  same  sectional  plane.     In  a  thick  prf>para- 
tion  the  curved  ends  of  the   fasciculi   can  sometimes  be 
brought  into  view  by  focusing  as  they  change  from  the 
longitudinal  to  the  oblique  or  transverse  direction, 
transverse  section  the  cells  appear  polyhedral,  ' 
tened  etlges  fn>m   mutual   pressure,  and  a  i' 
nucleus.     As  the  cells  are  considerably  longer 
nuclei,  it  is  evident  that,  unless  the  nucleus  li 
included  in  the  transverse   section,  there  \ 
f  cells  than  of  titifffi. 


PLATE  47- 

Fto.  I.— Leiomyoma  of  the  Uterus  (IIeinnt.-oc«m.  x 
1,  MuM'le-celts  in  l<.ij^-Uu<liiiiil  >f<*tiiiti ;  2,  buiiillee  uf  Biuootb  n 
cclU  in  trnnBrerse  t«ctiuii. 

Flu. :!,— RhabdoroyomKof  the  Kidney  (  Piciwanjiin.   x 

I,  Muf<.>livt]bi>rs  witli  diAlinct  tmiuvf  r»;  sirlHlinii ;  2,  spiiidle^lui 
liiuMile-lllirre  with  indistitli't  tniiiavfrBi!  atriutinn;  8,  IrrcjtulftrlyRl 
niiuoleiit-lls;   4,  tni»-vprtu'  pwliniui  (if  niu»tlt-cellf  with  nudi-i ; 
Imnsveree  ieclioin  i1iiwpu[;Ii   |i»rl.i  •>!'  Illiere  devoid  of  nucid ; 
blood-t'orpU6oli*. 


The  proportion  of  TOtiiic'ctive -tissue  in  myoma  is  i 
tremdv  vuriiiUli*.     Miicroscojiirally  the  quantity  may  1 
approxiiikiU'ly  fk'lcriniiu'il  by  the  consistence  of  the  tunMJ 
and  the  iitMoiiTit  of  fliiiO.     The  more  connective  tiissite 
myonju   cuntuin^,  th«  harder  und  drier   It   will   appear. 
On  inicmsimpic  exarainution  tlie  slniitds  of  connective 
tissue  appear  as  paler  hands  contrasting  with  tlie  darker 
a  rears  of  musole-tissne;   enrae  stains  (Hansen)  are  espe- 
cially adopted  to  emphasizt*  the  tinctorial  difference  between 
nuiscle-subsfance  and  connective  tissue.    The  latter  is  fre- 
quently more  dense  around  the  hhxMl- vessels,  where  it  " 
arranged  in  massive  Inyers  and  sends  out  pi-ooeasea 
variable  thickness  between  the  bundles.     Sometimes 
cunneclive  tissue  is  so  abimdant  that  it  equals  in  qiiantil  _ 
or  even  exceeds  the  mnsele-snbstanee.     Ab  it   must  bo 
assumed,  however,  that  the  twn  kinds  of  tissue  develop 
simultaneously,  a  tumor  of  tins  kind  is  spoken  of  as  a 
jHyramyoma  or  as  a  mj/ofibrimia.     Uterine  myoniatn,  tmj 
among  them  especially  the  subserous  tunion*,  often  exhil 
this  abundance  of  connective  tissne. 

Elastic  fibers  are  present  only  in  small  amounts  outsii 
of  tlie  blood-vessels.  The  liitter  aim  present  certain 
iieculiarities  in  myoma.  The  endnthelinm  is  frequently 
high,  and  ^euds  out  projections  into  the  lumen.  Some- 
times tlie  muscular  layer  is  abnoruially  develope<i,  and  in 
transverse  section  ap;K'arsasan  excessively  bnMid,  cirt^nlar 
structure.  Indccil,  it  woidd  apiienr  tliat  some  myomate, 
especially  myomata  of  the  skin,  but  also  tlioiH:  which      '" 
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in  the  uU-ruis,  owe  ilit-ir  urigiii  to  tliis  bj|KTplitsiit  of  tbX 
muscular  layer  of  tlie  arteries ;  for  tbe  liy|>erpln»tic  tisstH 
is  iiften  connected  by  rudiating  faseicular  prowsics  witbfl 
the  bundles  of  the  true  tumor-parenciiymii.      The  eon^J 
nee.tive  tissue  in  myoma  usually  contains  Ijut  few  migrutinf  a 
and  round  ceils;   sometimes  mast-cells,  either  singly  Ot| 
cimuected  in  small  (rniupa,  are  found  in  the  eoniKflive,  s 
well  as  in  the  musculiir,  tissue. 

Uterine  myoniata  in   many  cases  present  a  noteworthy 

tieculiarity  \*nieli  was  first  jtointed  out  by  von  Kcckliug- 
lausen.  This  peculiarity  consists  in  the  inclusion  of 
epithelial  tubes  and  ducts,  and  is  observed  chieUy  VA.-d 
myomata  situatetl  at  the  angles  of  the  tubes.  Thesftfl 
inc-lusion:;  consist  of  cuboid  or  cylin<lric,  In  rare  cusw'fl 
ciliated,  epithelial  cells  in  immediate  contact  with  tfatt] 
Riusele-substanoe,  Not  infre<[uently  sevCTal  adjoi  _ 
cyst-like  cavities  lined  with  epithelium  are  observed,  or« 
number  of  closed  epitlicllnl  tulx-s  arc  found  radiating  from 
a  main  duct  or  projecting  like  the  teeth  of  a  comb.  Such 
tumors  might  properly  be  willed  lulfnomyanuitn.  Von 
Recklinghausen  attributed  these  inclusions  of  epithelium 
to  rcm;iiiis  of  tln'  Wolffian  IxmIv.  and  afterwani  it  wasJ 
j>n,ved  (Klein  ami  (irosehnfl)  that  Wolff-Giirtiier's  ductl 
«iii  someliim's  Ije  tRiecd  from  ihe  broad  ligament  us  far  Aa  ' 
the  hymen  (sinus  urogenilalis),  An  attuoii 
been  made  to  utilize  tliese  findingH  for  die  < 
of  the  congenital  origin  of  niyotua.  SiiIki  r. 
myoma  sometimes  contains  cystic  inclusions  of 
derive«l  fiiim  the  peritoneal  epithelium  (jVschoif),  anj. 
Hubmueous  mvoraa,  in  Its  subsequent  growth,  may  nniuns-1 
off  some  of  the  uterine  glands  so  that  the  latter  are  in-  | 
eluded  within  tbe  tumor.  1 

Myomata  are  subject  to  various  forms  of  retn)gre«*i\*e  I 
metamorphosis.  Softening  from  etlcmatous  infiltration  anct  J 
swelling  occurs  chiefly  in  iteduneulated,  subserons,  and  ia  J 
polypoid,  Fubmucxius  myomata  of  the  uterus,  as  the  result  1 
of  torsion  or  kinking  at  the  point  of  iittaehment  and  cnit^'l 
sequent  interference  with  the  return  of  bliKxI.  The  samC 
— _jCundicioii>  may  lead  to  the  pr<Klucl.ion  of  extensive  hei 
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rhagic  iiiliirots  in  siicli  tumors.     The  pedicle  of  k  sii! 
mtiGoii^  myoma  may  be  completely  dtvitled,  in  wtiich  c 
the  neoplasm  is  at  once  expelled,  or,  Ijeiiig  deprived 
iiutrition,  undergoes  a  process  of  maceration  nianife»tinf 
itself  in  complete  destruction  of  the  cells,  or,  if  puti 
factive  germs  gain  an  entrance,  in  true  putrefaction. 

In  rare  ca-ses  isolated  metaplastic  processes  confined  U 
the   connective   tissue,  siicJi   as  conversion   into  mm 
tissnp,  result  in  the  formation  of  mynmn  myxoinatmUif. 

Owing  to  deficient  nutrition,  softening  by  fatty  degen- 
eration may  take  place,  especially  at  the  center  nf  a  li 
myoma.  In  such  tumors  yellowish  spots  are  noticeabl 
even  macroscopically  in  a  transverse  secticui,  and  fh 
tissue  in  these  yellowish  ureas  is  of  a  sofl,  almost  Htmiflui< 
consistence.  The  muscle-cells  degenerate  and  arc  n^plucei 
by  a  mass  of  detritus  consisting  of  innumerable  smnll  an< 
lai^  fiit-droplets  ;  in  the  imDiediat«  neighborhood  minut 
filt-droplets  are  also  seen  imbedded  in  snr\"iving  mnsclt 
cells,  tlie  nuclei  of  which  are  in  various  stages  of  disini  ^ 
tion.  PriKcsses  associated  with  increase  iu  the  consiBtent 
or  hardness  of  a  tumor  are  still  more  frequent.  The 
nective  tissue  becomes  hard  and  sclerotic,  th?  c^lls  disap- 
pear, and  a  hyaline  metamorphosis  take.i  place,  which 
sometimes  attacks  the  mnscle-tissne  secondarily,  and,  after 
destroying  the  staining  properties  of  the  nuclei,  converts 
the  muscle-tissue  also  into  the  familiar  liomogeni 
vitreous  mass. 

This  process  is  usually  a  forerunner  nf  more  extensive 
changes,  especially  the  deposition  ol'  calcium  salts,  at  first 

small  particles  bt^inninp  Jn  a  few  centrally  situated 
lands,  and  later  in  lai^-r  oongloni era t ions  forming  solid 
incrustations  and  converting   even   lai^   myomata  inta, 
heavy  masses,  as  hard  as  slone,  tJiat  cannot  be  cut  wil' 
anything  but  a  saw. 

Myoma  quit«  frequently  l>ecome3  converted  into  rapidly 
growing   malignant   sarcomatous    tumors.      It   is   to  ' 
a'4Kumed  that  the  atypical  cell-production  in  snch 
b^ins  in  the  oonnective-tiaeue  stroma.     The  embryoaalj 
connective-tissue  cells  ar«  produced  in  excessive  nomi 
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aud  encriKii'li  nil  thf  muscular  cltinitinls  au  tbut  the  latter'' 
atrophy  ami  ilisa|i{Mur.  Il  b  coueeivable  that  the  sar- 
(ximatuiis  < lege iitTal ion  Dii)r)it  begin  in  the  muscIe-cellB, 
and  tlie  »[au-n]ent  that  it  docs  has  been  advanced  by 
varions  iiuthurts ;  but  it  ie  altogetlicr  devoid  of  proof, 

Leiomyoma  is  observed  mtet  frequently  in  the  utt-i 
wjjecially  in  niillipiintus,  middle-aged  women.     Any  poi 
tion   of  the  uterus  may  be  attacked  by  the  disease,  tl 
ti'r\ix  more  rarely  than  any  other.      Acconling  to  tf 
relation  of  I  lie  tumor  to  tlie  wall  of  the  uterus  tbcyaredii 
tingm--lied  a->  subsc-roiLs,  intramural,  and  muoons  mvomatibj 
Next  to  the  utoru;!  the  favorite  flitiiation?  for  the  develop- 
ment of  these  tumors  are  the  liilx'  and  the  broad  or,  more 
rarely,  thf  round  ligament.     Myoma  may,  however,  also, 
develop  iu  the  esojiliii^ns,  atoinaeli,  and  intestine,  in  the 
urinary  pa.ssages,  the  pelvis  of  the  kidney,  the  ureters  and 
bladder,  the  tejitieles  (gnU-maenhim  Hnnteri),  and,  liDallyi 
in  the  skin,  where  the  tumors  arc  ot^on  multiple.     In  tbfl 
skin  tbey  sometimes  grow  from  the  muscular  wall  of  tb« 
blood-vessels,  but  more  frequently  from  the  minute  arreo- 
tores  pilonim  and  the  delicate  layers  of  muscle  in  the 
sweat-glands.     Cutaneous  myoma  often  exhibits  a  cavern- 
ous structure  from  simultaneous  proliferation  of  the  blood- 
vessels {auf/iomyomii). 

Rhabdomyoma. — Rbabdomyomata  are  rarely  un- 
complicated— that  is,  eonsi.1t  stalely  of  transversely  striated 
mnscle-celis.  As  a  rule,  striated  musele-eells  ore  present 
only  in  variable  quantities  in  a  ground -substance  of  sai^ 
comatous  tissue.  As  it  seems  i)robable  that  the  latter' 
begins  to  take  part  in  the  formation  of  the  tumor  at  the 
same  time  as  the  muscle  tissue,  the  tumor  should  be  eaUed 
properly  rbabdom/fonareima. 

The  transversely  striated  muscle-elements  themselves 
rarely  appear  in  their  typical  fiiHy  developed  form  in  these 
tumors — that  is,  they  are  not  identical  with  the  voluntary 
muscle  as  it  appears  after  teasing.  They  arc  arrested  in 
their  development  at  a  comparatively  low  stage,  and 
appear  ns  quite  immature  structures,  differing  materially 
(liysiologic  tyjK\     These  forms  have  also  ' 
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iiiwirrtfily  catlwi  rluilid'>iiiji<jmiri.-om(i,  althuugU  they  are 
not  the  result  nf  a  c«iiibitialiim  of  rlmWomyonia  with 
Kai'comu,  but  at  most  prewnt  a  rluibilomyoma  ol'  warco- 
malous  type — granting  tliat  the  term  wjirooma  u  adruta- 
siblo  for  structures  consiistln;;  of  transvet«ely  tttrialcd 
muscle — i.  f.,  rhalMlomyoma  sarcomaloiles. 

The  tumor  element*  of  a  rhalxlomyoma  usually  present 
an  extremely  varied  picture.  The  fibers,  if  any  are 
prespJit,  are  Hot  arranged  in  parallel  rows  and  txmnet^ted 
in  large  bundles,  as  in  tlie  case  of  leiomyoma,  but  appear 
more  often  singly  and  intertwining  in  every jmssible  plane. 
In  rare  eases  iairly  welj-developiii  muscle-fibers  witii  dis-i 
tinct  transverse  striation,  visible  throughout  tlic  entire' 
thickness  uf  the  fiber,  are  ftiund;  while,  on  thu  utbtY' 
hand,  narmw  ribon-Hha]MHl  or  wavy  eleinentti  with  inoom- 
plete  striation  are  quite  frequent.  The  surenlcmma  ia 
almost  always  absent,  or  it  may  bo  recognizable  here  and 
there  as  a  delicate  membrane  near  the  nucleus.  The  cells 
most  frequently  seen  are  cylindric  (or  tubular)  in  type,, 
and  present  an  outer,  transversely  striate*!  envelop,  con- 
taining in  its  interior  a  grjinular  sarcoplasm  with  one  or 
more  nuclei.  The  nuclei  may  be  arranged  one  behind  the 
other  in  closely  packed  rows,  pnKlucing  tulies  solely  made' 
up  of  nuclei ;  or,  if  the  nuclei  are  larger  and  hm  numerous, 
the  wall  of  the  tube  presents  a  bulging  at  intervals  cor- 
responding to  the  position  of  the  nuclei,  thus  constrictioe^ 
the  wall  at  various  points  and  producing  spindle-shaped 
figures.  The  transversely  striated  outer  zone  may  be  ex- 
traordinarily thin,  cud,  in  fact,  may  not  be  demonstrable  at 
all ;  in  such  cases  the  cellular  structures  are  spindle-shaped 
and  suggest  smooth  muscle-fibers,  with  which  they  have 
unquestionably  often  been  cimfounded.  The  longitudinal 
striation  of  the  fibers  and  spindles  is  often  well  developed, 
and  at  the  end  of  the  ceils  a  fraying-out  of  the  fibrils 
contained  within  the  cells  is  sometimes  ol>ser\'ed  from  the 
loss  of  the  cement-substanee,  which  normally  holds  theiu 
together.  In  microscopic  sections  these  fibers  are  seen  io< 
various  planes  or  appear  as  circular,  loosely  granulated' 
slrijctiirv!^,  (Iijvoid  of  nuclei,  or,  containing  several  nucla! 
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togetlier  at  llipir  centers.      In  adtlitinn  Uy  liie  cells!  tlirtt  1 
appear  in  tlie  form  of  filwrs  even  more  widely  ubcrrant 
structures,  such    us   club-sbapecl,  i>ear-^liapc<l,  oval,  and 
circular  cells,  are  observed,  whicb  sometimes  exhibit  in 
their  periplierjl  portions  a  suggestion  of  transverse  stria- 
tion  in  tJie  form  of  radiatiug  or  concentric-  markin»>  a 
frequently  contain  sevenil  nuclei  in  their  interior,     it  bai 
been   repeatedly   jtointed   out   that   the   granular   sare 
plasm  often  conUiins  glycogen  granules  in  large  Duniliere. 
Rhabdomyoma  of  the  heart  usually  exhibits  a  peculia^ 
structure;  it  consists  of  large,  bninching,  spider-like  cell^l 
which  are   hollow  at   the   center,  or  sometimes  contain! 
nuclei  iu  their  hollow  interior,  so  as  to  jircseut  the  tt\*-\ 
pearauce  of  meshes  in  oross-sections.     SeitTert  attributes  f 
tliie  peculiar  structure  to  the  development  of  greatly 
lai^;ed  embryonal  musele-oells. 

From  tbe  presence  of  cells  with  imperfectly  developed   ' 
transverse  striation  and  of  cells  in  which  the  transverse 
striation    cannot  be   demonstrated    at    all    it    has   been 
conclnded   that   the   elements   of   a   rhabdomyoma   may 
develop  from  smimlh  musde-eetis ;  in  other  words,  it  haa  | 
been  assumed  thatadirect  conversion  of  smooth  filwrs  into  . 
transversely  striated  fibers  takes  place.     It  has  already 
been  seen  that,  as  a  matter  of  fact,  any  transitional  stage 
between  non-striated  and  striated  cells  may  be  observed 
in  the  same  tumor;  but  this  is  far  from  iudicAtiug  that 
these  unstriped  muscle-cells  are  identical  with  the  genuine 
smooth   muscle-cells  of  the  involuntary  muscles  of  the 
body.     The  occurrence  of  such  a  conversion  is  unlikely 
on  developmental  grounds,  and  we  would  do  great  vio-  i 
lence  to  the  doctrine  of  the  specificity  of  cells  in  accepting 
such  a  hypothesis. 

The  origin  of  rliaMomyoma  (or  rhabdomyosarcoma)  J 
may  be  attribnted  in  part  to  the  displacement  of  muscle  J 
germs  during  fetal  life  {from  the  myotomes  of  the  primary  M 
vertebras)  and  partly  to  actual  neoplnslio  proliferation  of  f 
preexisting  striated  muscles.  Tbe  first  group  wonli 
elude  chiefly  the  rhiilHlouiynmata  of  the  kidney,  which  | 
■  furnish  the   larirest   coutintrcnt    in   this   mtherj 
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unoommoii  i-luss  of  tumors,  rhuWuniyoaiu  nf  the  pdvi 
of  the  kidney,  the  urinary  blaJder,  the  uterus,  the  tvatiold 
and  the  vagina.     The  second  group  would  include  i" 
rhabdomyoniata   of  the   heart,   the  esophagus,  and   i 
skeletal  muwies.     Even  in  the  latter  the  a^ssumptiun  of  I 
congenital  origin — from  germinal  material  that  has  het  '' 
left  behind  and  that  has  not  been   utilized — cnnnot  I 
altogether  discartlwl,  a-^  the  tumor-elements  usually  exhiU 
a  great  morphologic  similarity  with  normal  striated  masvlM 
fibers  at  certain  periods  of  their  development  (primitive 
tubes), 


A  genuine  neuroma  consists  exehisively  of  newly  fni 
nerve-fibers  and  cells.  Acwirdingly  we  distinguish  (V 
chow)  the  fibrillar  and  the  celluliir  or  eHngliunie  neuron 
and  as  the  nerve-fibiTK  may  Iw  mcdullateu  or  non-medDl 
latetl,  we  also  distingnish  myelinic  and  atnyelinic  neuroi 

Tme  neuroma  is  excoe^lingly  rare,  although  certain 
changes  in  preexisting  nerves  of  an  entirely  diSVrent 
nature  are  erroneously  included  among  them.  In  the 
description  of  fibroma  it  was  pointed  out  that  a  tumor 
consisting  s<ilely  of  connective  tissue  quite  frequently 
takes  its  or'igiu  in  nerves,  developing  either  from  the 
endoncurinni  or  from  the  perineurium.  Such  tumoiB 
cause  a  spindle-shaped  enlargement  in  the  affected  trunf 
and  are  distinguished  by  their  multiple  appearance  ai 
frequently  symmetric  character.  They  are  quite  coi 
monly  de8cribe<l  as  "  veurafthi-oma,"  although  the  nei 
tissue  in  them  remains  entirely  passive  and  quite  t 
quently  is  even  injnred  by  the  fibrous  giiiwths.  Thi 
eonnective-tif«ue  tumors  may  even  grow  from  nerves  thai 
have  been  divideil  and  are  already  in  a  stage  of  degenera- 
tion. It  is  evident,  therefore,  that  there  can  be  no  ques- 
tion in  these  cases  of  a  new  formation  of  nerve-fibers,  and 
it  is  accordingly  unjustifiable  to  speiik  of  a  neurofibrom*. 
when  the  condition  is  merely  a  simple  fibroma  of  nerve*^" 
the  connective-tissue  envelop  furnishing  the  matrix  fb| 
the  tiunor. 
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The   conditiuiis    are   similar  iu    the   case  uf  so-called 
mflcxiform  neuroma  ("  Rankeiineiirom,"  v.  Bruus),  n  by|)er- 
Knlastic  tormatioo  occurring  chiefly,  in  the  nerves  of  tlie 
F  nee,  the  nock,  and  the  vheat,  and  leading  to  the  prtHluo- 
tiou  of   massea  of   inturlacing  and  tortuoiin  stmntltj  of 
tissue   presenting   irregidar   enlargements.     When   these 
tumors  are  examined  under  the  microFtco]>e,  it  i»j  found 
that  they  contain  connective  tissue  in  greater  preponder- 
Lsnce — that   is  to  say,  they  are  the  i-esult  chiefly  of  tlie 
I  proliferation  of  the  endoneurium  and  periiienriiini,  forcing 
pthe  preexisting  nerve-tibers  inmrt,  and  surrounding  them 
with  thick  masses  of  fibers.     It  is  ne«iless  to  say  that  the 
nerve-fibers    unquestionably    experience   an    increase   in 
length,  especially  when  the  bundles  of  fibrous  tissue  ex- 
hibit great  tortuosity,  and  in   that  sense  it  is  not  to  be 
denied  that  the  nerve-tissue  takes  some  part  in  the  for- 
naatiou  of  these  tumors.     Its  share  in  tlieir  production, 
however,  is  not  of  a  kind  to  justify  our  B|>eaktng  of  tliem 
as  true  "  neuromata." 
I      The  so-called  "  traumatic  luraroitui,"  avipulatUm  neuroma, 
'  or  stamp  nearotna,  }xas  a  stronger  claim  to  he  included 
among  true  nerve  tumors.     These  terms  ai-e  applied  to 
the    knol)-like,   usually    much    indurated    enlargements, 
which   frequently  develop  athjr  a   time  at   the   divided 
ends  of  nerves  in  amp  ulat  ion -stumps  (Plate  48,  Fig.  2). 
■  They  also  consist  of  abundant  mavises  of   haiil,  fibrous 
I  tissue  derived  from  the  connective  tissue  of  the  nerves; 
kbat  when  a  longitudinal  section  from  the  lower  en<l  of  the 
■nerve,  including  the  nodular  outgrowth,  is  examined,  it  ia 
Ifbund  that  new  fibers  have  grown  from  the  divided  end 
■of  the  nerve,  and  after  undergoing  dirhotomoua  division, 
Kliave  grown  out  in  all  directions,  completely  surrounding 
i  original    nerve-stump    and    thus    liecoming    chiefly 
BSponsible  for  the  enlai^oment  that  results,     Sometimes 
e  found  among  the  nerve-HWTs  transitional  forms 
nucleate*]  and  niedullated  fibers,  so  that,  when 
^eigert's  medullary-sheath  stain  is  used,  it  is  not  always 
Bsible  to  bring  the  fiiierp  uniformly  into  view  ;  surrmind- 
?  nucleated  fibers  an  r-nvrlip  .-li^-FTf!  with  niidpi  ig 
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f'uuud,  wbicli  jjiijbublj'  c-o responds  to  t! 
Sdiwuuii.  Part  (if  the  Bxis-<rylinder  probably  remains 
penuaneiitly  devt)iJ  of  a  medullary  ebeath.  We,  tliere- 
ftire,  Imve  to  do  here  with  a  new  formation  of  iierve- 
iibers  that  have  tbeir  origin  in  old  fil>er!» ;  but  it  in  a 
qiieation,  nevertheless,  whttther  this  meant;  that  the  process 
represents  a  genuine  tumor  formation.  It  would  api>ear 
rather  to  represent  a  kind  of  regenerative  procesa  which 
remains  incomplete  beeause  there  is  no  peripheral  uerve- 
end  with  which  the  proximal  end  may  unite,  as  in  the  caac 
of  division  of  the  nerve  or  excision  of  a  large  section 
(compare  p.  156).  "* 

It  follows,  therefore,  that  the  domain  of  the  i 
neuroma  is  very  much  restricted.  Judging  from 
small  number  of  observations  that  have  Iwen  published, 
they  seem  to  be  entirely  couiiucd  to  the  sympathetic 
nervous  systtni,  where  they  appear  ns  no<lular,  soft, 
slightly  transparent  tumors.  They  usually  contain  larg^j^ 
quantities  of  ganglion -eel  Is,  in  part  jiigniented  and  ofV  ~ 
mai^actuHzed  Ijy  tlie  presence  of  many  nuclei.  Som 
times  it  is  possible  to  trace  a  nu(^Icated  envelop  frova  t' 
nerve-fibers,  which  are  provided  with  a  .ilieath  of  Schwann, 
to  the  ganglion-cc'Iis ;  here  and  there  the  latter  even  ap- 
jMir  to  be  siirronndiil  by  a  manilc  of  myelin  as  a  con- 
tinuation of  the  medullarj'  sheath  (M.  B.  Schmid,  Borst). 

These  tumors  have  been  found  moat  frequently  in  the 
iieigliborhood  of  the  thoracic  and  alMlominal  vertebral 
column,  more  rarely  in  the  skin.  Thev  probably  take 
tlieir  origin  in  nearly  every  instance  ln)m  preexisting 
ganglia  of  the  sympathetic  nerves. 
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The  term  glior 


mglioma  is  used  to  designated 


form  of  tumor  occurring  exclusively  fprincipally.- 
in  the  central  nervous  system,  whicli  results  from  1 
proliferation  of  a  specific  supporting  substance  known 
neurogliii.  This  tissue,  like  the  nerve-cells,  is  derived 
from  the  epithelium  of  the  medullary  tube — i.e.,  from 
ttntivea  of  the  ectoderm.     It  would,  however,  be  i 
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■crjrrecl,  (in    this  awvuiit,  to  compan;  tbew  tumors  witli 
pepithelial  striii-liirps,  iK-cause  the  neuroglia  only  represents 
supporting  substimce  that  has  bttn  differentiated  in  a 
definite  way;  in  otluT  wonls,  the  i^tronia  of  the  central 
i  eystem.      Gliouia   is,  therefort'j  more   ])roiwrly 
willi  t^nnectivp-tissLie  hpw   formations  having 
"pa  in  ni(*euchymatou8  (lerivativfti.     Their  poly- 

"mraoler  and  the  great  moriibologic  siniilarity 

e  ]ast- men  til  tiled  tumors  also  justify  such  a  view. 

The  ncoplatitie  cliaraeter  of  glioma  is  uRcn  indi&tinet 

B  eompiired  willi  that  of  other  new  growths,     As  a  rule, 

the   tumors    dn    not    represent   distinctly   eireumscribed, 

nodular   ilr|ii.>ii-    In    ilie   tissue;  on   the  tvntrarj',  they 

manifest  ilnm^t  Ivr-  imrily  by  the  pre|xinderanee,  in  the 

region  of  thi^ir  lii^trilmtion,  of  neuroglia  over  ner\'e-cell8 

L^d  fibers,  although  the  latter  may,  it  is  tnie,  disappear 

■altogether.     The  iHiiindaries  of  this  neumgliar  prolifera- 

rtiun  are  accordingly  ill  defined,  as  the  tissues  gradually 

[mei^e  wilh  llie  surntunding  iierve-substance,  which  iie- 

Icomi's   infiltrated    by    the   advaneing  tumor.      For  this 

J  reason  a  glioma  even   macroseopiudly  does  not  appear  as 

fta  well-defiiiLil  ])rojection  into  the  brain-substance,  nor  in 

■  form  of  Mtittered  nodules  in  the  tissue;  but  betrays 

ptself  rather  by  ditl'iise,  indistinctly   limited   increase  of 

sonsiBtecce,  the  color  varj'ing  from  a  translueent  grayish 

white  to  grayish  red,  depending  on  the  quantity  of  blood 

■'        'i  present.     A  glioma  may  reveal  itseJf  only  by  a 

Bbarely  jwrceptible  enlargement  of  certain  portions  of  the 

sentral  nervous  syeleni,  and  the  tumor  in  its  gniwth  never 

jioversteps  the  physiologic  boiuidaries  of  the  organ  ;  thus, 

for  esample,  it  never  infiltrates  or  perforates  the  meninges. 

The  slow  growth  and  gradual  advance,  with   intiltra- 

ion,  of  these  tumors  sufficiently  explain  why  the  elinical 

mhenomena   to  which   tJiey  give   rise  during   life  are  so 

slight.     Distinct  symptoms  are  prfKluced  in  many  cases 

'  m\y  when  the  intracranial  pressure  is  greatly  increased  or 

Iwlien  primary  ajxiplexy  is  simulated  by  the  (wcurrenee  of 

S  secondary  hemorrliage. 

The  typical  glioma  is  seen  in  tumors  com|xised  of  n 
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PLATE  48. 
Fki,  1.— Cells  from  a  So-called  ailomaaf  the  Retina  Fn 

Isolated!  -  "''''i- 

F[ii.  -i—iiWomA  at  the  Cerebrum  (ll<iiniit.-i'<»iiu     x  <12»)^ 

.Suijill  n.uiia-.i'll--,  Willi  aiotiiH'L  y\-<:i-^v^:   2.  Iiirg-T  r.,iiMil-<-<.lJ*  H 
out  iwogiii/JiI'lK  |ii\K.-csBi»i  a,  oumiwiivc-liMUo  fulJs :  *,  prULtM 

Fki.  8.— Amputation  Neuroma  (So-called  Stump.Net 
From    the    Sciatic    Nerve   iWeigert's  HhIuIIupj  ^heitUi  ! 
.   80):   I,   Meduiliirv  iiurv-^Htit'™  in  lungitudiiml  K>:Uua  ; 

FIGUHE   XIV. 
Olloma  Sarcomatoaum  of  the  Right  Cerebral  HemlB|rfiere 

(x2B0):  1,  (!lia-wll=  with  ditlirii't  pni.f 44i« ;  H,  niultinmOnir  l-i-Us, 
Ihe  processes  of  which  unite  willi  tliiw.'  uf  tlit  miiimilmr  glia-ot-lU  i 

3,    blu<Ki-VI«fL.ls. 

small  rella  containing  a  very  smiill  jtrojHirlinn  uf  protoplasm 
and  a  round,  dark,  gnmuliir  invlriis,  filling  nlniosl  th« 
entire  cell-lxxly  and  .scwling  cmi  dclicjiic  nidiiitiiig  tibrilu 
wiiieli  interlac-e  tn  form  a  ti'lt-liiic  t;npimd-wiibstuiiw.  Ao- 
cording  as  llie  cwUa  arc  more  almutliint  and  mure  tlensoly 
packed  or  tlip  fibrillar  gniUDd-substiiiii-e  prcpondcmtes, 
various  degrees  of  ronsisteiKi-  an?  pHKluced,  and  we 
aocordinglv  di'^tiTigiiisli  Mift  and  liiinl  glinmata.  The 
filters  Ciirre^imiiil  ti.  the  wii|)]i..rling  fibers  of  the  Deiirt^lin, 
wliieli  normally  t;iki'  the  pl;ici-  ol'  eiinneetiv(?-tUilie  stmtnn 
in  the  eentnil  nervmis  '-ystem  ;  il  has  never  l>een  Hhdn- 
lutely  proveii  whether  they  really  have  their  origin  in  Ihp 
wll-bo<iies  or  merely  are  in  elowc  apposition  with  lliem 
(Weigcrt).  At  any  rate,  they  vary  greatly  Ik.iIi  in  h-ngth 
and  in  thii-knesw,  Sometimes  we  find  InieeellKeiin-oiindwl 
by  a  riidiitting  wreath  of  fibers  lnpider-ce/lM,  aslrrx-iffeii) } 
or  cells  with  very  long,  wavy,  and  delieate  fibers  ("  Lang- 
strahler");  nr  cells  with  their  hi-avv  proces^eM  attached  to 
the  celi-li<Kly  by  a  broad  Ihwc  (•'  Kiir/stnihlcr"!.  Soroe- 
times  then-  seems  to  be  ii  definite  nlniiim  In'tween  iho 
i  and  the  blood-veBscls,  the  former  being  apparenUr 
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adherent  to  the  vessfl- walls.  Auastoumsis  ut'  tlic  lihei-e 
nmong  themselves  diiea  nut  upiiciir  to  oeciir.  The  irn-gii- 
lar  network  of  fibers  t\\\iA  |iru<liice(l  liiruis  the  ground- 
(iubiitunre  of  the  tumor-tissue ;  there  >a  no  other,  eitlier 
liomogenet)uij  or  grauulauti,  m.itrix,  although,  from  the 
fact  that  in  microscfipici  set-tions  many  of  the  smaller 
fibrils  are  cut  transversely,  a  Jinely  graimlar  interstitial 
tissue  may  be  simulated.  As  in  the  normal  ot'ntral  uer^ 
vous  system,  so  in  the  tumors  derivetl  from  Its  tissues,  the 
neuroglia  is  extremely  perishable  and  pmue  to  ciidaverlc 
ehanges ;  hence,  owiug  to  postmortem  ui8int<^mtian  or  to 
improper  fixation  and  staining,  the  iilwre  otlcn  do  not 
appear  as  distinctly  as  might  be  desirable ;  they  may  even 
fuse  to  tiirm  a  homogeneous  or  finely  granular  maas. 

Nuincnius  deviations  from  this  tyw  of  glioma  are  ob- 
served, particularly  as  regards  the  shape  and  size  of  the 
cells  and  the  arrangement  of  the  fibers.  The  cells  may 
present  every  transitional  form  fi-oni  the  small  round 
elements,  almost  devoid  of  nrotophism,  t<i  very  large 
jxilygonal  cells,  rich  in  protoplasm,  and  bearing  un  exlni- 
onliuary  resemWanci'  togangUon-cellsorrven  to  giant-cells 
possessing  a  great  numlier  of  nuclei.  The  likeness  to 
ganglion-oella  is  otU-n  striking,  which  is  not  wurprising 
in  view  of  Ihe  genetic  connection  l>et\veen  the  glia-iH'lls 
and  nerve-(^lls  and  their  common  origin  fnim  the  eetn- 
dermiil  matrix  of  the  medullary  tube, 

{According  t<t  Ziegler,  an  aetual  new  formation  of 
ganglion -cell-,  fakes  place  in  man\  forms  of  glioma,  for 
«hich  he  pro|>osc«  the  t^rm  neurogUoma  gungliimnrr. 
Such  of  the'-e  lumors  ai  contain  iterve-fihers  as  well 
miiiht  perhap'-  Iw  iucluded  jimong  neuroma.) 

Neeillcs  to  lay.  corresponding  differences  are  also 
iihoer\'ed  in  the  nuclei.  A<i  the  cells  enlarge,  the  nuclei 
lI«o  become  larger,  paler,  and  more  ^•esicula^;  in  addition 
to  the  small  dark  cells,  consisting  almost  exclusively  of 
nuchu-.  '■pimllc— lia|xil  elements  with  elongated  nuclei 
ai-e  oh-crvcd.  and  the  fibciN  grow  out  fr'>m  the  ]K)Ics  of 
the  cclK  (itli.T  -inirlyor  in  (he  (l.rm  of  a  brush  (Plato  48, 
LtJid'c  are  found  a  few  a    '  ' 
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cells  or  even  true  giant-wlls,  in  which  it  i 
difEciilt,  if  not  quite  impossible,  to  (iemunstnite  any  «>n- 
nectioD  with  the  fibers.  With  the  increasing  multiformity 
of  the  cells  the  recognition  of  these  tumors  bewmies  more 
and  more  difiicult,  es^>ecially  when  it  is  found  impossible 
to  deraonstnite  auy  connection  with  neuroglia-fiiwrs.  The 
tumor  is  likely  to  be  mistaken  for  a  sarcoma.  It  is  nc»t, 
as  a  rule,  permissible,  however,  in  these  enscs  to  i?)M'uk  of 
a  "  gliosarcoma,"  siuce  the  «>udition  is  not  n  coniblniition 
of  glioma  with  a  sarcoma.  The  lorm  "  fflioma  mirconia- 
lofiei"  would  appear  to  be  more  jiislifiablc.  What  de- 
cides the  diagnosis  in  every  case  is  the  finding  of  fibers 
and  tile  prwif'that  they  are  neurogliar,  and  not  connective- 
tii^sue,  fillers.  But  in  the  case  of  sarcomatous  tumors  thnt 
eucroueh  upon  the  central  nervous  system  it  is  necessary 
to  guard  against  contusion  with  possible  remains  of  pri*- 
existing  ucurtigliur  tissue,   - 

A  sp(«ial  iiirmation,  which  lends  a  speciat  stamp  to 
many  gliomata  and  is  of  imtHirtance  in  a  histngenetic 
sense,  consists  of  epithelial  inclusions  that  are  sometimes 
found.  These  an-  circular,  cystic  cavities  or  clefts,  lined 
on  their  inner  surface  with  eyiindric  epitheliuui,  and  thus 
suggesting  at  the  first  glance  the  remains  of  ewndyma. 
As  a  matter  of  fact,  they  may  be  cxpliiined  by  the 
assumption  that  buds  have  been  cut  off"  from  the  normal 
cavities  of  the  central  nervous  system  which  arc  lined 
with  eiicndynia;  on  the  other  hand,  however,  lln-lr  nri-rin 
may  also  be  attributed  to  a  kind  of  retrogressive  rueia- 
morphosis  of  glia-cclU  into  ependyma  cells,  especially 
as  it  has  sometimes  been  found  possible  to  deraoiistrate 
in  the  extremities  of  the  epithelial  cells,  away  from  the 
lumen,  basal  fibrillar  prooesscs  lient  at  various  angles  and 
connected  with  the  remaining  fibrillar  network. 

These  cavities,  lined  with  epithelium,  are  quite  common 
in  the  spinal  cord,  where,  neurogliar  neoplasms  usually 
as.«ume  a  long,  cylindrie  shape.  Sometimes  a  conncctino 
with  the  ependyma  of  the  central  canal  is  demonstrable 
("  fciifml  iflioma").  In  other  ca.ses  such  a  connectioD  b 
not  made  out.  j^| 
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Sometimes   large   uivities   are   thus   produced   in   the 
ipiiuil  curd  ii)  cases  of  ^Huma,  and  as  sucti  ciivities,  when 
the  epithelial  lining  uiti  U<  demonstrated,  arc  generally  J 
descrilietl  as  "  »yring<iiiiydia"  a  lai^  jimjiortiini  of  the  J 
caees  of  syringomyelia  nhouhi   lie  regiirde<i  a,s  iirimuiyj 
gliuma.     Of  course,  these  "gliomata"  of  the  spinal  eoraf 
are  not  to  be  confounded  with  the  increajie  of  glia-ti^^sue, ' 
so-called  "glioses,"   due   to  a  reactive    iiroliferiilion    in 
response  to  some  inflammatory  irritant  (see  S|)iiml  Ginl, 
Aflm  of  SpecitU  Piiiholtit/ic  //(Wo/.>f/.i/,  Vol.  II.).     [MaU 
lory  has  described  a  glioma  developing  in  the  ^aL■^al  ivgion, 
presumably  from  romaina  of  the  neural  canal. — Ed.] 

GHomata  not  infrequently  becx»nie  the  scene  of  retro- J 
gressive  metamorphosis.     Owing  to  defective  vasculariat- 1 
tion  or  embolic  processes,  soiling  takes  place  and  runs  I 
a  course  similar  to  other  processes  of  the  same  kind  iu  J 
tile  central  nervous  system.     There  is  no  coagulation  of  I 
albumin  {coagulation-necrosis),  as  in  other  organs ;  on  the  I 
eontrary,  a  process  of  liquefaction  (akes  place.     In  nddi-  | 
tion  to  the  necrotic  masses  of  detritus  large  quantities  of 
the   well-known   so-called  "soflening-oells"  make   their  I 
appearance — I.e.,    contractile    cells    with    lar^    circular  1 
bodies,  which  become  loaded  with  fatHlmpleta  and  minute 
tissue-detritus,  and  in  a  recent,  teased  pi'oparation  appear 
as   "granule   cells"  or   "granule   sphere«."     They  may 
aocumnlatc   in   such   masses  as  cimipletely  to  obscure  the 
tnmor-tissue  and  renilcr  it  uurocognimiblc.     The  gradual 
absorption  of  the  softeneil  tM)rtions  Iciids  to  the  tiirmntlon 
of  cavities  filled  at  first  with  a  milky  and  later  with  i 
watery  fluid — cyst^  in  every  respect  similar  to  those  dne  ■ 
to   similar    causes    in    the  bra  in -substance.     When   the'l 
softening  process  erodes  the  walls  of  hlood- vessels,  which  T 
are  sometimes  quite  numerous  in  glioma, or  a  vessel  nipturea  , 
from  the  external  pressure,  extensive  hemorrhages  with 
more  or  less  wide-spread  ilestruction  of  tissue  occur,  and 
this  accident   is  often  the   immediate  cause  of  tlie  first  ■ 
clinical    mnnifestation  of  a   tumor,  which  in  such  oases  i 
usually  leads  ti)  a  iliagnosis  of  apoplexy.     Even  at  the   I 

iQrtem  table  the  diagnosis  may  present  considerabUj 


difficulties,  tlie  heiuorrliage  l>eing  by  far  tlie  most  i 
posing  nmnifestatirin,  untl  making  it  difficult  to  flbd  t 
tumor. 

Metastasis  has  practically  iii-viT  been  observed  to  t 
pkoe   in   glioma  of"   the   central    nervou:*  system. 
Mallory's  sacral  glioma  metastusi's  deve]oi)ed, — Ed,] 

An  entirely  different  cbaraclt-r  from  lliat  <.<(  glioma  of 
the  central  nervous  system  is  obsi-rvud  in  wi-calkil  i/titmia 
of  the  retina,  wliioli  is  suppiwinl  ti^)  takt-  its  urigiu  iu  t' 
nuclear  layer  of  the  retina.  Clinicullr  and  mai!n)Beupid 
cally  it  IB  distinguished  bv  more  rtipul  growth,  extree' 
malignancy,  a  marked  temlency  to  metaatasiii,  and  gra 
destructiveness  to  neighboring  tissues.  On  microscoin 
examination  (be  tumor  is  found  to  consist  uf  a  dense  n 
of  small  round-cells,  which  usually  du  not  possess  aoj 
fibrous  processes,  ami  in  a  recent  teased  preiiaratioi 
appear  as  isolated  spheres  of  varying  sizes  with  im- 
perfeutly  outlined  nuclei.  It  is  probtible  that  tu  most 
cases  [especially  of  tirnm  with  metastases, — El>.]  the 
tumor  is  not  a  tnie  gliomn.  but  mthcr  a  small  round-cell 
sarcoma.  When  delicate  fibrous  procei-ses  arc  prcscut,  it 
is  true  that  the  similarity  to  glioma  is  Btriking,  In  these 
tumors  cavities  lined  with  rod-shaped  epilheTial  cells  are 
sometimes  present,  or  the  roumU-ells  may  be  arranged 
about  these  cavities  in  the  form  of  a  roset,  a  formnlion 
that  has  suggested  the  term  "  m-nro-epithelioma"  (Win 
tersteiner  [Brown  Pusey]).  [Olher  authors  emphasize  iJk 
gliomatous  nature  of  these  particular  retinal  tumors, — Ed, 

Angioma. 

The  term  angioma  is  apjilinl  to  a  tumor  consisting  ii 
the  main  of  newly  funned  vessels.  A  bemnniiinma  Ifl  I 
tnraor  composed  of  hli-'d-vesecls;  a  hiviplian<iioma,  OM 
consisting  of  lyrii|>li-ve.-s(l-.  Strictly  speaking,  the  tffl 
hemangioma  sliMiild  !«'  n-iii<i>d  to  tumors  iu  which  t 
new  formnlion  of  IiIooiI-vcshI-;  actually  can  l)e  dem 
strated ;  it  should  not  be  applied  to  any  kind  of  swellio] 
that  owes  its  origin  to  s|)eeial  distention  of  preexistiu 
blood-veseels  or  to  hypertrophy  of  tbeir  walls.     It  witj 
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be  seen  presently  tliat  tlie  distinction  between  new  forii 
tion  and  dilatation  presents  great  prncticitl  ttiiSeiilties  in 
tlie  cose  of  blood-  and  lymph- vessels,  and   that  rertain 
transitional  forms  are  unavoidably  included  in  the  cate- 
gory of  genuine  tuniDrs.     It  is  almost  needless  to  say 
that  all  enlai^einents  due  to  the  dilatation  of  lai^  vascular 
vhunnels  or  trnnks — in  other  words,  aneurysms  and  varices,   i 
as  well  as  so-called  plexiforn]  or  racemose  arterial  angioniala  I 
("  Ran  ken ang lorn  ") — mu*it  be  strictly  excluded,  us  such  i 
conditions    presi'nt    merely   an    extreme   development  or   | 
exaggeration  of  nuruiallv  existing  vascular  channels  and 
do  not  belong  to  the  domain  of  tumors,  even  when  it  ia 
possible   to  denioustrate   the   abnormal   development  of 
tissue  in  the  walls  of  the  affected  vessels,  for  the  latter 
is  only  a  sceoudarj'  phenomenon  due  to  an  abnormal  in- 
crease in  the  lumen  and  changes  in  the  circulatory  con- 
ditions. 

It  will  be  shown  also  that  there  is  a  group  of  angiomata, 
including  examples  both  of  hemangioma  and  of  lymphan- 
gioma, which  pR-sent  certain  jwinls  of  contact  with 
another  fonn  of  tumor  that  begins  jirimarily  in  the  pro- 
liferation of  a  certain  kind  of  ceil  in  the  vessel-walls, 
namely,  endoibelioma.  As  a  matter  of  fact,  a  gtxid  deal 
of  oonfusion  has  arisen  on  this  subject,  owing  to  arbitraiy 
nomenclature  and  its  indisi'riminate  application,  as  will 
be  shown  more  at  length  in  connection  with  certain  forms 
of  sarcoma  and  endo!hclionm.  In  a  grncml  way,  it  may 
be  said,  in  order  to  difTerentiute  betwci'n  morphologically 
related  forms  of  tumors,  that  the  term  angioma  should 
not  be  use<l  unless  it  is  possible  tn  demonstrate  that  the 
newly  formwl  canals  are  in  communication  with  the  rest 
of  Ihe  vascular  or  lymphatic  systems  of  the  Ixidy,  and 
that  the  contents  of  these  canals  arc  the  same  ns  that  of 
the  general  vascular  or  lymphatic  system. 

Heinang^iomata  are  divided  into  three  main  forms, 
in  accordance  with  their  ileveloprneut  and  structure: 

,  Hicmangioma  tehuigiectatieiim. 

,  Hiemangioma  cavernosum. 

.  Hemangioma  hyperrrnjiliicuni. 


with  IbU  rlROcnts  n 
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■  VascHhMwa  (ro<n  tbe  Skbi  of  Ibc  Abdomen 

(n«nsl.-«MD.  K  150.):  I.  KpUtrrtiml  f.<tering;  2,  t-uliclv  nilh 
flktlened  pupillary  body ;  3,  .■sjiilUries  Hlltd  witli  red  l>luui]-t'urpUH;IcB 
■nd  cBi  itiei  buunded  lij  di«uiu.'t  etuluUiElium. 

The  fir^l  of  these  forma,  the  telangiectatic  angioma 
(nlso  known  as  heanangioma  mmplex),  ifi  usually  s  fiat, 
superficial  luioor,  fitnnd  mm/A  fre<jiiently  in  tJie  skin,  boib 
in  thp  curium  and  in  ihe  gHhriiimiious  ti&sne,  and  for  tlie 
miwt  piirt  ciiRsi^itig  of  capillarr  blood-vessels  (titrt'Ms  van- 
aiilosus).  .  It  either  ort!upi(s  the  (losition  of  the  normal 
skiu,  in  which  it  forms  cireiini^K-ribed,  hright-red  (nmtu 
_/f**ninwMjt,  "fire-mark"),  or  dark  l»Imnh-re<!(fia-riw  rhiogiui) 
sfMitM;  or  it  causes  a  wart-like  projection  of  tbe  cutatieous 
tissue  and  then  represenlH  a  tme  ninll>err\'-like  tiiuKtr 
(luevus  morns),  in  which  the  quantity  of  hloiH!  varies 
greatly  under  different  conditions  ("  erectile  tumors  "). 

On  histologic  examination  the  hlwd- vessels  apm-ar  as 
thin-walled  tubes,  usually  with  hut  one  layer  ot^enilo- 
ihelium.  The  lumen  varies  as  to  width  with  the  degree  of 
distention.  On  the  outside  these  endothelial  tubes,  which 
are  often  irregularly  tortuous  or  corkscrew-shaped,  are  in 
immediate  contact  with  fibrous  connective  tissue,  which 
usually  is  quite  rich  in  cells;  the  layers  opposwl  to  the 
vascular  tubes,  as  a  rule,  contain  a  greater  number  of 
cells,  which  are  also  of  a  more  embryonal  tvpe  (Plate  49, 
Fig^2). 

From  this  neenliarity  it  has  been  oinchided  fv.  Ri 
fleisch)  that  the  priman'  change  in  tlii^  formation 
proliferation  of  fihrocellular  tissue  and  not  an  " 
blood-vessels,  the  blond- vessel."  being  dilated  and  elongated 
seoondarily  by  tli<-  traction  on  their  walls  of  the  fibrous 
tissue.      It  is  a  fact  that  these   telans^ieetatic  nngioraata, 

jcoialiy  when  they  extend  into  the  sulioiitaneous  adij 
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tissue,  often  e:cliibil  a  typical  lobular  istiuctiire,  in  ivery 
respect  similar  to  the  arrangement  of  the  tat-luitulis,  and 
in  the  marginal  portions  embryonal  fibnuiw  tissnc  rtcli 
ceils  deveIoi>9  l)etween  the  fut-(flls  nfur  tlie  cupillarii 
betuming  more  and  more  distinct  as  it  Bp|iruac)ies  the 
curium.  Strictly  fipeakintTi  these  tumors  onght,  therefore 
since  they  are  origiuaJly  derived  i'liini  illirimH  oonnwiiv* 
tissue,  be  designated  lelangitxhiliu  fibromata,  and,  in  fiict, 
it  is  often  exceetliiigly  diffiriill,  if  not  impossible,  to  dis- 
tinguish between  vascnhir  tibmmatii  and  this  variety  of 
angioniata.  The  [wipillary  Intdy  of  the  cutis  overlying 
the  telungiectHtic  are:is  i^  usually  obliteratctl,  which  gives 
the  eliin  a  naked-eye  appearance  of  siniMitliness,  tcnnity, 
and  trunshieency. 

Other  organs,  as  the  bniin,  Ixmes,  glands,  mammary 
gland,  may  also  be  the  seat  of  telangiectatic  lumore.  If 
the  tissue  lying  between  the  lilood-vessela  l>eenmes  cellular 
and  contains  numerous  embryonal  immature  (i)rmK,  the' 
term  angiosarcoma  is  used  (Plate  65,  Fig.  1 ), 

The  second  form  of  angioma,  cara-nom  angioma  or 
cavemoma,  so  far  as  its  structure  is  concerned,  su^ests 
the  cavcrnons  body  in  the  external  genibdia.  In  thiBJ 
tumor  vascular  tubes  ceose  to  be  regular;  the  cavities 
filled  with  blood  appear  as  irregnlnr,  circular  or  sinuous 
spaces,  in  transverse  section  polygonal,  or  presenting  ridgo-' 
like  projections,  reaulting  in  a  structure  that  suggests  s 
sponge  more  than  anything  else.  On  the  inner  side  the 
walls  of  the  cavities  are  usually  lined  with  a  low  endo- 
thelium, which,  however,  cannot  usually  lie  traced  in  s 
continuous  line,  and  in  cross-set^tions  is  often  difficult  to 
distinguish  from  the  surrounding  connective  tissue;  in 
many  places  it  seems  to  be  actually  wanting.  For  the 
rest,  the  septa  between  the  lacunie  are  formed  usually  of 
mature  fibrous  tissue  with  an  admixture  of  elastic  tillers 
in  varying  numbers  and  occasional  smooth  musclc-fiben*. 

The  commonest  sejits  of  CJivemonia  are  the  skin   and 
the  liver.    In  the  skin  transitional  forms  between  angioma 
simplex  or  telangiectasis  anil   cavemoma   are  often  ob-- 
i  in  the  cisi'  of  a  simple  an^ion 
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PLATE  50. 
Fiu.  1.— Anglocavernoiiw  of  the  Liver  [Heniiit.-eodn. 
1,  Livcr-liaut- ;  2,  cnvurnmis  spacw  fllk-d  wiUi  blood 
tiuue  CHjwule  scparntiiig  llieiii  rnnii  tlji>  liver-tifcia', 

Fio.  'if.— LymphanKiomaof  the  Neck(BeniitL-«>sin.    x  260,fl 
1,  TTOLs-vcree  bwUi.iis  .<(   lynipli-vesBel*   with   lult   endutlielium ; 
maww  of  endothuliul  cells  in  trttii«vt.-no  section  -,  3,  conneclivo-tis 
ftamework. 

of  oavernoma  may  be  attributed  to  the  development  t 
oonDective  tissue  in  the  wall  Qf  prtexistiog  blood-res 
and  secondary'  diattirtioii  of  the  vessels. 

C^ivemoma  has  also  been  attributed  to  irregular  dilatfl 
tion  of  timaller  veiiie,  with  cotiiieL-tive-tisfliie  eh&Dges  (^ 
their  walls  and  pariiul  confluence  nl'  the  lumens. 

The  classical  Ibrm  of  cavernous  angioma  is  found  i 
the  liver,  where  it  is  often  multiple.     Its  sijie  is  varinbtl 
Solitary  form?  have  been  oljserved.  ranging  from  a  pin* 
head  to  a  tumor,  that  caused  nu  enlargement  of  the  oi^gan 
equal  in  size  to  the  uterus  in   the  last  months  of  preg- 
nancy.    The  origin  of  the  tumor  Is  variously  explained. 
The  fact  that  the  he()atic  cavemoma  is  most  frequent 
advanced  age  am]  is  si>mctimes  multiple  and  associal 
with  passivcconKCstion  would  seem  to  favor  the  view  that 
grows  from  preexisting  hepatic  blw id- vessels,  u  vie 
IS  further  siipjwrted  by  the  riict  that  the  connecli  ve-i  iK-ut 
Bcpta  soraetimes  htirlxir  isolated  i-urdii  of  jitropliic  Iiver- 
ceJls  or  individual    liver-cells,  as  well  as  by  ihc  fact  lha| 
transition  from  ctmditions  due  to  persi.stent,  extreme  paset* 
eongestion  (Plate  8,  Fig.  1)  to  true  i-avernoma  format! 
are  obsfr\'etl.     The  fact  ihat  the  capillary  walls,  whi 
break  down  after  the  cells  have  disappeared,  undergo 
con ne<!tivi'-t issue  increase  finds  its  analogue  in  the  pi 
which  we  have  olipcrved  elsewhere  in  chronic  «>n| 
conditions. 

On  the  other  hand,  the  oltservation  tliat  hepatic  cav 
noma  sometimes  occurs   in   suckling   infants  and  youi 
children,  i^  often  solitarv,  and  in  that  cum-  usually 
nifwl  fmni  llie  surroUtti\\n^  \\\i^t-u*s,\w  U-j  i.*.  counectivi 
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tissue  t^paulf,  argues  altogether  against  ita  origlo 
preexisting  (fuiictioiiitting)  hepatic  vessels.  Kibl) 
accordingly  attributes  its  origin  to  some  bistogenctio  & 
turbanoe  in  the  development  of  the  liver-tissue. 

Cavernoma  iiaa  also  been  observed  outside  of  the  liverj 
in  the  brain,  bones,  spleen,  intestine,  bladder,  uterus,  t 
muscles. 

A  few  words  should  be  devoted  to  a  discussion  of 
hypcrlrophic  ajigiomij,  a  form  which   was  tiret  separal 
from  other  tumors  uf  the  same  class  by  Ziegler.     It 
distinguished  from  the  two  forms  whicli  have  just 
described  by  the  fact  that  the  new  formation  of  bli 
vessels  is  ao^umpanied  by  definite  proliferation  of  otbi 
cells.     It  may  occur  in  the  form  of  hnmnigionm 
pifix  or  of  cavernoma,  but  most  frequently  the  formi 
The   firet  glance   at  the  microscopic  picture  sug^^ts 
glandular,  rather  than  a  vascular   tumor,  and   the 
nature  of  the  neoplasm  is  recogui/ed  only  by  the  tnmsl 
tional  forms  and   by  partial  tilling  of  the  cAvities  with"' 
blood.     The  lumens  are  lined  with  large  eytiudric  cells, 
with  an  abundance  of  protoplasm,  and  often  cuboidal  in 
aha|)e,  instead  of  witli  eudothelium,  so  that  transverse 
sections  present  the  greatest  similarity  to  those  of  giant 
or  the  gland-ducts.     This  similarity  is  especially  mark* 
in  bloodless  and  coutnictiKl  portions  of  the  tissue.     Whei 
the  contraction  is  e.xtreme,  several  layers  of  these  tells, 
iiuperimposed  one  upon  the  otlier,  are  reeogniitable,  and 
as  the  cliannels  become  more  and  moi-e  tili«l  with  blood, 
the  cells  also  appear  more  flattened  and  the  endothelial 
character  becomes  more  distinct.     This  hypertrophic  de- 
velopment of  endothelium  in  the  cavities  has  also  been 
observed  in  esLsew  of  cavernous  angioma  (Ziegler,  Schadel- 
daeh).     It  siiould  be  pointed  out,  however,  that  in  many 
oi^iis — fur  example,  in  the  ovary  and  uterus — the  ent' 
thelium  of  the  iihHxl-vetisels  is  normally  quite  tall, 

Ifymphangioma. — .Sr>  far  as  its  histologic  structui 
and  its  origin  are  coneernwi,  lymphangioma  presi-nts 
greatest  similarity  to  hemangioma.      In  the  first  pU' 

I  same  difficulty  exists  in  distinguishing  true  lumoi^_ 
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forniiitinii  iif  lynipli- vessels  (whicli,  strictly  sjH'jiking,' 
iihuiild  ix-  u  Kine  ijitii  non  iti  the  'Icfinitioii  of  a  lymjihan  ' 
giouta)  fruui  tlUatatiun  uf  preexisting  lyniuh-veasela  aD< 
prolifcraliiig  pn)c«£si's  in  them.  In  the  Droadi-r  sense, 
thut  is  tu  »iiy,  if  we  iuehidi'  any  tumor-like  hyperplasia 
of  the  lymphiitic  jip[iiinitii^,  (he  i!i>m:uii  of  the  lymphan- 
gioma is  a  very  large  one.  ll  is,  however,  seldom  pos- 
sible to  demonstrate  a  true  formation  of  lymph -channels 
that  shall  be  Ix'vond  the  reach  of  oritieism. 

Lytnpliiiigioiim  develops  most  I'requently  in  the  ski 
ami  in  miuous  memhraues;  or,  rather,  it  is  eitht-r  subcu- 
tiineoiis  or  su bo i neons,     A  division  entirely  analogoui 
that   of    hernaiigioMia   results   iu  three   main    forms: 
Li/iHli/uiii!/ioiiui  mmjilfx  or  lymphangieetasie.     2.  i-yjnj 
iiiiffioiiiu  hinirHroiikiimiti.     3.  Lyvipkanymiin  fiwci-WMomk^ 
To  these  forms  it  is  t*omraou  to  add  a  iburtli,  lymphitngi 
eyatwam,     Simple  lymphangiectiLtic  limiors  consist  iisuoll; 
of  a  convolution  of  lymph-vessels  imbedded  in  the  librou 
and  more  or  less  uellular  connective  tissue.     The  lympli 
channels   consist  of  endotlieliul    tuben  which   frequently 
contain,  in  addition  to  fluid  lymph,  a  large  numlxir  ofj 
lymplnwytes ;  here  and  there  tlmmilii  may  fiirni  which  ii 
turn  may,  of  course,  liewinif  organized  bv  tlie  ingro 
of  surrounding  tissue.     S-imctimes  it  is  actually  possibli 
to  demonstrate  the  proli fern t ion  of  lymph-veasels ;  bud- 
like  endothelial  phigs  are  seen  growing  into  tlic  adiac 
connective  lissue  fnmi  the  walls  of  the  tul)es.     As  m 
new  formation  of  blood -vessel  h,  these  cellular  threads 
at  first  solid  and  later  develop  a  lumen  or  canal  by  tl 
iteparatioM  of  the  cells  at  their  base.     In  the  connecti 
tissue  it  iw  also  jwiswible  In  demonstrate  various  prolifei 
tive  conditions.     It  is  ofVen  found  to  cnnlain  collections' 
of  lymphocyte-f,  resembling  follicles,  in  the  neighborhood' 
of  tlie   lymph- vessels,  so   that   the   structure  frequently 
assumes  an  adenoid  character.     Sometimes  it  is  edeiuatoua 
and  swollen,  and  the  fibers  arc  quite  loosely  nrmnged. 

The  ht/perirophic  fm-m  in  a  sense  n'pn'scuts  a  variety 
of  this  tiimple  lymphimgieetasiB.  In  this  tumor,  as  iO' 
t}io  iivpertrnphic  lu'inangioma,  the  endothelial  cells  hay* 
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become  <»nvfrte<I  into  lat^-  ciiboidal  or  cyliiMlric  cellular  i 
atrtictures  with  an  nbiinduiice  of  pnibtplaKiu,  which  eit]ier  I 
form  a  continuous  lining  on  the  inner  Hurlitce  of  the  tube  J 
or  project  into  the  liitnen-like  villi,  thiisjirodiicing  struct-  I 

I   urea  resembling  gland-duels  (Plate  50,  Fig.  2).  ] 

Lymphangioma  of  tiiis  type  iis  fontid  moal  freijueiitly 
s  a  congenital  structure  imbedded  in  the  skin.  Some- 
times it  caasea  a  bulging  in  the  form  of  a  wart,  or  it  gives  j 

I  rise  to  merely  a  flat  or  slightly  elevated  pnttnberanca  j 
When  individual  vascular  rt^ioiis  are  diwtended  more  I 
than  otIierH  us  the  result  possibly  of  congestion  they  may  I 
bi>came  cystic  and  rise  above  the  level  of  the  skin,  finally  I 
breaking  through  and  leading  to  the  formation  of  weeping  J 
papules  {(ifmphoiThea).  Many  e4ingenital  nevi  on  close  J 
examination  are  found  to  consist  of  sucii  fUiKrfluoi 
prolifemtctl  lymph-vessels.  Soinetimcs  they  are  darker  I 
in  oolor,  owing  to  the  presence  of  a  dark  or  yellowish  i 
pigment.  The  flat,  so-ealled  liver  splits  and  freckles  >] 
ilentigines^  also  belong  fo  this  category.  Wlu'ii  the  1 
lymph-vessels  which  chiefly  make  up  the  tumur  lose  the  I 
ohamcter  of  tubular  and  I'aiiiilicular  structures  and  take  I 
the    form   of    irregular,    ampullar,    spindle-shaped    and 

■  polygonal  cavities,  the  term  caveniuua  nnr/iuma  is  em- 
ployed.    The  connective-tissue  septa  which  join  the  endo- 

<  tlielial  lining  usually  contain,  in  addition  to  lymphocytes,  < 
elastic  fibers  and  muscular  clement^.  Many  congenital  ' 
enlargements,  especially  about  the  bead  and  tlie  external  ' 
genitalia,  owe  their  origin  to  a  difluse  collection  of  cavern- 
ous lymphanfjiectatic  tissue  of  this  kind.  Thus,  for  ex-  I 
ample,  the  disfiguring  congenital  cnlai^nients  of  the  ' 
tongue,  lips,  and  cheeks,  known  respectively  as  macro- 
glossia,  macromelia,  and  macrocheilia  ;  congenital  cnlarge- 

I  ment  of  the  labia  and  of  the  scrotum,  and  many 
congenital   cavernous   tumors  of   the   mesentery,       Tlie 

I  latter  are  designated  clii/lani/iomn  on  account  of  the 
milky  material  which  they  usually  contain  and  their 
connection   with  the  lacteaLs. 

Finally,  the  cavities  formed  by  lymph-vessels  may  un- 
Qcyslio  di.slenl.ioii  and  thus  lead  to  the  formation  of 


iiuiItiliHMil;ir  cystip  (umore  of  airaplicaUxl  slnn^turt.  Th« 
origiu  is  probablv  attribubtbic  to  uii  iiicrcuric  in  the  ii 
tprnal  pressure  frora  stasis,  which  ofWii  begins  in  fet) 
lift^  Tht;  ttiiiiiirs  nre  most  tmiiifutly  iotinJ  on  the  nee 
where  tbcy  form  extensive  growths,  desigiinktl  /__ 
coin  eystwHtii  cintijriiUtim.  'I'lie  endothelium  ill  these  cytA 
is  low,  often  utrophii',  owing  to  llie  gresit  ]iressiire;  orij 
is  loosened  and  eust  ofT  us  the  result  of  mueeratioil.  TH 
connective  tissue  presents  the  evidence  of  swelting  z 
contnins  cleft-like  cavities  fillet!  with  edematous  fluid.' 

Many  forms  of  dfjikmitinitm  may  Ih.-  included  amoi^>| 
the  ac()uired  cystic  lymphangiomutii ;  in   this  eoudition 
the  lymph-cleft«  uften  midetgo  eiiornniua  cystic  dilaintiun, 
usually  as  the  result  of   thromlxitie  iibstruetion  of  the 
channels   occurring    in    chronic    iriflitmmatorv   proceaaeckfl 
(relapsing  erysipelas).      True  new  formation  of  lymph"'^ 
vessels  can,  however,  hardly  he   said   to  occur 
disease. 

SARCOMA.' 

Since  Vin-how  published  his  detinition,  tlie  term  \ 
coma  ha$  been  applied  tu  a  tumor  wmimsed  nf  c«llultU 
elements  belonging  to  the  connect  I  v«-tiasue  group.  M 
the  neoplasm  is  formwi  aiiely  fmm  this  one  kind  of  tissiHJ 
it  is  included  among  the  histoid  timioni,  as  has  alreftdj 
been  Htated.  It  will  be  seen  later  that  this  designation  I 
justifiable  only  with  certain  reservations. 

The  char.tcleristic  f«itnre  of  stin.i>nia  is  the 
preponderaufc  of  the  cellular  constituents  over  the  trround- 
sulistance,  a  condition  exactly  the  reverse  of  whiit  i-  oli- 
served  in  mature  eonneiitive  tissue.  The  tumor,  tltcnf'ore. 
imitates  not  the  mature,  but  the  embryonal  immatun-  tviw 
of  connective  tissue  and  remiitns  slationarv  nt  a  st 
which  is  only  a  temporary  c<)n.lition  in  tlie 'developm 
of  normal  connective  tissue.  The  lellular  i>n.^nitorB li 
connective   tissue  do   not   attain    their   full    physioloi^ 

'  Cnrtnlii  mc^ral  tumort  («)neist  Bntirfily  of  n  t«nEl''inBmtIon  I 
l;niuhutii-  cjrtJi. 

'Sarruma  (mp£,  ll.»h)  ie  culled  h  Il.wlxv  lumoron  nvcuunt  af  itaii 
semhlaneo  li>  llt'tli— i.  r.,  \HXuriinil,  grunuliiluiiis. 
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W'ffowth,  and  fail  to  pnxhioe  long-drawn-out  fibera  arranged 
in  i>arallel  rows  or  interlaciug  network  j  in  other  wonla, 
the  tissue  never  matures,  its  tievelopment  being  arresteil 
at  an  early  stage  and  the  cell-production  being,  as  it  were, 

firecipitate.  As  this  cell-productiou  is  practically  uo- 
imited  and  never  ceases,  the  original  connective-tissue 
character  otlen  diiiappears  altogether  at  the  height  of 
tumor  development,  and  one  is  only  vaguely  reminded  of  it 
by  certain  properties  of  the  cellular  elements.  It  is  a  re- 
markable fact  this  "  yotithfot  stage  "  of  connective-tiseue 
substance,  which  in  a  sense  becomes  stationary  in  the 
development  of  sarcoma,  may  correspond  Iwth  to  a  certain 
stage  in  the  true  embryonal  genesis  of  connective  tissue — 
such  as  is  observed  in  the  differentiation  of  the  mesen- 
chyma  and  the  invasion  of  the  germs  of  that  tissue  in  tlie 
formation  of  supporting  substance  in  all  the  organs — and 
to  a  developmental  cellular  stage  of  connective  tissue 
which  takes  place  in  the  so-ealTed  "  inflammatory  neo- 
The  extreme  variability  of  the  cellular  eom- 
Ktnents  in  the  processes  which  have  been  described  in 
Ae  chapters  on  Inflammation  and  Regeneration,  and 
(he  fact  that  every  stage  in  the  development  of  the  cell- 
jllar  portion  of  connective  tissue  may  appear  in  a  sar- 
)Oma  as  part  of  the  tumor  and  become  fixed,  as  it  were, 
aplain  the  extraordinary  abundance  of  forms  and  the 
reat  morphologic  variety  of  the  elementary  constituents 
'  these  tnmors.  Every  form  and  variety  in  the  long 
sale  of  development,  from  the  small  round-cell  with  very 
pittle  protoplasm  to  the  multiniiclear  giant-cell,  from  the 
lpindle-shape<ifibroblasttotheextensive,ixilygonaI  plasma- 
11,  may  be  represented  in  the  sarcoma — i.  e.,  the  tumor 
ionsists  either  exclusivelv  or  cliiefly  of  one  of  these  cell- 
larteties,  or  a  lai^  number  of  different  varieties  of  tlie 
^rms  take  part  in  the  formation  of  the  tumor. 

The  development  of  the  ground-subetance  in  a  sarooma 
II  equally  variegated  and  polymonihoua.  We  may  meet 
rith  any  one  of  the  derivatives  of  the  mesenchyma  that 
s  known  to  exist ;  these  derivatives  may  vary  greatly  in 
iparcd  with  the  cells;  and  finally  they  may 
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occur  in  all  imaginable  mixtures  and  recipnjcal  relati^ 
Sometimes  the  intereclluliir  substance  of  the  sarcoma  ih 
difficult  to  dcmotmlnite,  although  one  of  the  most  im- 
portant requirements  in  ilu^  diagnosis  of  "sarcoma"  is  the 
possibility  of  dcmongtrating  such  an  intercelluLir  sub- 
stance. The  shape  of  the  cell,  as  haw  just  been  ^minted 
out  and  as  will  be  shown  more  particularly  later  on,  fails 
to  afford  any  trustworihj'  or  even  unefiil  information, 
since,  as  has  been  mentioned,  it  Is  extremely  variable.  It 
has  been  already  pointixl  out  in  the  general  discussion  of 
tumors  that  there  is  no  essential  difi'erence,  so  far  as  the 
individual  cell  is  concerned,  between  carcinoma  aiKl  sar- 
coma— in  other  words,  between  the  "  sarcoma  cell "  aud 
the  "carcinoma  cell."  It  is  the  histogenesis,  the  develop- 
ment from  the  parent  soil,  that  determines  what  the  ulti- 
mate nature  of  the  tumor  is  to  be, — whether  a  t^rcoma  or 
a  carcinoma, — for  the  doctrine  of  the  specificity  of  cells, 
"  omnU  cellula  e  eellulti  tju»k-m  generin"  holds  good 
under  all  circumstances,  even  In  the  case  of  an  atypical 
tumor,  in  bo  far  at  least  as  epithelium  can  give  rise  only 
to  epithelial  tumors  and  connective  tissue  can  produce 
only  connective-tissue  tumors  that  are  always  more  or  less 
closely  related  to  the  arch  type.  It  has  already  been 
emphasized  that  it  is  usually  impossible  to  determine  the 
histt^nesis  from  morphologic  data ;  it  is  in  the  reciprocal 
relation  of  cells  and  their  grouping  in  lai^  cell -complexes 
that  we  find  the  key  to  the  microscopic  diagnosis  of 
tumors.  We  recognize  epithelial  tissue  as  such  only  by 
the  fact  that  the  cells  are  in  immediate  contact  with  one 
another,  without  any  intervening  intercellular  substance  ; 
the  shape  of  the  individual  cell  being  of  secondary  im- 
portance and  subject  to  great  variations,  not  only  because 
the  cells  influence  one  another  reciprocally,  but  also  on 
account  of  metaplastic  processes.  Cimnective  tissue  is 
characterized  morpho lexically  only  by  the  demonstration 
of  the  reciprocal  connection  of  the  individual  cells  with  a 
oommon  stratum,  the  presence  of  an  intervening  substance 
especially  adapted  to  "connect"  the  cells,  with  which  tlie 
{■eJI,*  are  in  direct  c*^mmv\n\c3.\,wm  a«<.l  which  is  produced 
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>by  the  cells.  This  substance  we  Bee  in  its  most  perfect 
sud  must  typical  form  in  the  mature  condition  of  cuti- 
ni'ctive  tissue.  In  lenduu,  for  example,  or  in  a  fibroma 
long  fibers  are  foiiud  between  the  cells,  connet^ted  with 
one  another  as  well  as  with  the  cells ;  at  the  fir^t  glance 

twe  here  recognize  a  nuion  of  the  elements  to  form  a 
common  complex.  In  the  embryonal  stage  of  connective 
tissue,  however,  the  cellular  element  may  predominate  to 
Boch  an  extent  that  its  true  character  is  either  altogether 
unrecognizable  or  recognizable  only  with  difficulty.  It  is 
in  a  sense  latent.  But  the  demonstration  of  a  very  deli- 
cate fibrillar,  fibrous,  or  even  granular  intercellular  mib- 
Btance  between  the  cells  is  of  the  greatest  importance  in 
determining  the  nature  of  the  tumor.  In  certain  varieties, 
especially  such  as  are  made  op  of  small,  round,  cellular 
elements,  it  is,  in  fact,  impossible  to  demonstrate  the 
presence  of  such  an  intercellular  sub'itance;  in  these 
tumors  the  uniform,  diffuse  aggregation  of  a  mass  of  cells 
of  this  oharaoler,  extending  over  large  portions  of  the 

Pbimor,  leads  the  diagnostician  on  the  right  track.  There 
b  a  complete  absence  of  any  "  alveolar"  arrangement  of 
the  cells.  They  are  simply  scattered  among  the  thin- 
walled  blood-vessels  necessary  for  their  nutrition  like  a 
mass  of  indifferent  cells  in  the  formative  stage,  practically 
representing  the  type  of  the  earliest  embryonal  stage  of 
connective  tissue.  Un  the  other  hand,  a  certain  alveolar 
structure  is  frequently  conspicuous  in  well-marked  ex- 
smplca  of  sarcoma.  "  Nest-like "  collections  of  round 
or  polygonal  cells,  enveloped  by  denser  accumulations  of 
va^ular  fibrous  substance,  are  found ;  on  closer  inspection, 
however,  it  is  always  possible  to  demonstrate,  in  the  first 
place,  that  even  within  the  nest-like  cell-complexes  there 

1)8  between  individual  cells  an  intercellular  substance 
which  is  in  communication  with  the  protoplasmic  proc- 
GBsee ;  and,  in  the  second  place,  that  the  intercelluUr 
eobstance  is  in  communication  with  the  filwrs  of  the  more 
tobnst  connective-tissue  strands  and  with  the  tissue  that 
conveys  the  blood-vessels  (Fig.  XVII.). 
w£|iu^IytheiuterGdlular  substance  and  the  grouad-^ 
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FIGURE   XVI. 

Sarcoma  from  the  Brajn  with  Well -developed  Interstitial 

Substance  (■   SiK).\:   I,   Lnrge  BHn.'i»iiH-i't<llH  liKlgi<d  in  voiin^^ctivL-- 

lissuu  Blvfili;  •!,  tuiiiur-KBlU  lyiijg  aiiiglj  in  small  alveoli;  8,  wtll- 

ilcvul-ipL'd  Hbruiu  struiua. 


Bubstatice  may,  like  iinrmii]  L^)iiiiective  tissue,  present 
various  degrees  tif  Iiielier  diSerentiation.  fiesidct;  the 
secretion  ut'  jibrils,  u  lurmatioD  uf  oUier  Hubstaiiceti  of  a 
collagenous  nature  may  take  place.  Thus,  for  exampU% 
the  gruun<l-siib»taiice  sometimes  assumes  the  nature  of 
true  hyaline  cartilage  in  areas  of  varying  extent,  atid 
bL'liaves  like  <arlilage  even  in  n-gard  to  its  eliemic  consti- 
tution ;  the  cells  are  arranged  in  more  or  less  cK>sely 
jmcked  groups  in  wcU-developed  mrtilaginouK  cavities, 
while  in  other  portions  of  the  tumor  cell-complexes  prc- 
scnting  the  chararter  of  embryonal  connective  tissue  con- 
tinue to  grow  (Plate  53,  Fig.  1) ;  or  foci  of  osteoid  sab- 
stance  (Plate  58,  Fig,  2),  or  of  true  bone-tissue  may  form 
in  tlie  intercellular  substance.  In  this  >vay  the  more 
highly  differentiated  combination-forms  of  sarcoma  are 
pmduced  and  we  are  actually  justified  in  speaking  of  a 
"  cluntdroitarenmti,"  an  "  ostroid  garcnma,"  and  an  "■  odeo- 
narcmiia,"  in  h>  far  as  the  growth  of  these  <lifferent  kinds 
of  tissue  goes  on  pari  pansu  with  that  of  the  enibr>-ona] 
connective  tissue. 

CcU-pmliferation  is  extremely  rapid  in  most  liirms  of 
sarwinia,  corresponding  to  the  usually  rapid  and  destructive 
growth  of  the  tumors,  and  in  freshly  pre)Kired  and  snit- 
ably  preserved  sections  large  numbers  of  karvokinetic 
figures  are  often  seen.  In  addition  to  the  regular  forms 
of  mitosis  any  variety  of  abnormal  segmental ion-figuree — 
multipolar,  asymmetric  mitoses,  aberrant  chromostimes, 
—may  lie  seen,  yi^i'^™*™'-'^^  wliii^h  have  been  described 
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in  detail  in  the  general  dis<;ussion  of  tumors,  So-ailktl 
giant  mitoses  are  found  witli  esjMscial  frequency  (Plate  59, 
Fig.  2,  and  Fig,  VIII.),  cells  in  which  the  chromatin 
apjiears  to  have  been  l>roken  up  into  innumerable  minule 
splinters,  ]eKt\m,  little  spheres,  and  droplets,  the  resulting 
parts  heing  often  arranged  in  the  form  of  a  roset. 

There  can  l>e  no  doubt  that,  in  addition  to  iudirect 
mitotic  divisiou,  direct  amitotic  division  of  the  luurlens 
also  takes  place  with  special  frequency  in  sarcoma.  The 
reaidt  of  this  process  is  the  formation  of  bud-like  excres- 
cences from  the  nuclei,  which  oftcTi  assume  the  most 
]>eculinr  and  bizarre  forms.  In  this  way  tlie  bifurcated, 
branching,  retiform,  l>asket^like  chromatin-fignres,  whieh 
are  sometimes  met  in  sarcoma,  are  prwbiced,  as  well  as 
the  mill  I  i  plication  of  imclei  in  a  single  cell,  which  is  some- 
times ulisobitely  amazing  and  may  go  on  to  the  formation 
of  enormous  chimps  of  protoplasm  filled  with  innumer- 
able nuclei.  These  phenomena  are  miquestionablj'  the  ex- 
])ression  of  a  degenerative  cell-proliferation  consequent 
n|»on  the  luxuriant  growth  which  has  broken  through  all 
the  bonds  of  restraint. 

Along  with  these  signs  of  a  degenerative  growlh  retro- 
gn-ssive  processes  of  the  most  extensive  character  often 
occur  in  sarciima.  This  is  dependent  chiefly  on  the 
vascular  supjity  of  these  tumors,  and  if  the  latter  is  in- 
sufficient, the  tumor-parenchyma  undei^ws  local  necnwis. 
Quite  wminionly,  and  in  almost  all  forms  of  sarcoma, 
fatty  degencnition  is  found  more  or  leso  extensively  and, 
it  is  neeilless  to  say,  is  seen  most  distinctly  in  fresh  prepa- 
rations. In  large-celled  and  in  giant-celled  sarcoma  cells 
are  occasionally  seen  which  are  crammetl  full  of  fat-dpo|>- 
lelB,  and  in  a  stained  specimen  accordingly  present  a  dis- 
tinct frothy  appearan<¥  (Plate  .57,  Fig.  2).  Occlusion  of 
the  vessels  from  thromlM>sis  or  emlwlism  may  Ii-ad  to 
anemic  necrosis  and  (■as<'Ous  degeneration  in  large  jiortions 
of  the  tnmor.  Microscopically  we  find  in  these  areas  all 
those  phenomena  of  karyolysis  and  knrj'orrhexis  that  are 
found  in  other  kinds  of  iiifan^teil  tissues  and  which  have 
^Ittgdy  been  described  in  detail. 


The  gpound-sulistance  may  also  he  tlie  a?at  of  il^enera.- 
tive  procesaes.  OcchsIiiduH)  it  i»  finiud  much  swollt^n 
from  etlematouti  infittratioD,  and  mii(X)i<l  prixliiets  uf  metii- 
morpliocia  ttre  observed  ;  but  tLe  change  most  frequently 
observed  i»  the  deposition  uf  culdiim  salts,  so  cxtt-ncivy 
as  to  form  a  deposit  of  gritty  incrustations  or  K>ad  to  ex- 
tensive petrifactive  processes,  which  usually  g"  hand-in- 
hand  with  (iitty  degeneration  in  the  tumor-pari'nehyroa. 

The  blixid-supply  nf  sarcoma  deserves  csjMTijil  eon- 
sideration.  Originally  the  tnnior  must,  of  course,  derive 
its  biowl-supply  fnim  the  ]ia rent-tissue — that  is,  I'mia  the 
tissue  in  which  it  grows.  The  oldest  vcsstls  are,  there- 
fore, preexisting  vessels;  but  as  the  tumor  grows  the 
vascular  system  becomes  more  and  more  emancipated  and 
the  great  mass  of  the  bliH)d-vessels  in  a  large  Anrcomatous 
tumor  must  always  be  regarded  as  the  result  of  new 
formation.  Sometimes,  however,  at  least  in  the  neighbor- 
hood of  the  vascular  triiuks,  a  certain  qiiantily  of  con- 
nective tissue  gro^  along  with  the  vessels  and  in  thai 
ease  may  appear  as  a  well-*iefine<l  stnima  distinct  from 
the  true  tumor-parenchyma;  in  other  wtirds,  a  kind  of 
organoid  structure  takes  place  in  these  tumors  also,  and 
tlie  expression  "histoid"  tumor  ceases  tti  be  apjilicablc. 

But  most  of  the  blood-vessels  have  very  thin  walls,  and 
tliis  is  a  special  characteristic  of  sarcoma ;  the  vessels  are 
oomposwl  entirely  of  delicate,  relatively  wide,  endothelial 
tubes  in  immediate  contact  with  the  tumrir-cill-  ;  iiidi-eil, 
the  blood  may  circulate  in  cavities  bnundcil  ixiliisively 
by  tumor-cells.  It  is  evident,  therefore,  that  the  ccll-i  are 
rea<Iily  forced  apart,  and  more  or  le^s  extensive  hemor- 
rhages take  platte,  with  dest  motion  of  jHirtions  of  tlie 
tumor. 

The  Individaal  Forms  of  Sarcoma. — It  has  long 
bmi  lUr  eLi>tnin  to  vhissilV  sireomci  by  the  f..rm  of  the 
ei.tisliliiiiit  ri'Il,^.  From  tliis  it  i^  not  io  be  inlernxl  that 
a  .sarcoma  mu^t  lie  (u>mpose<l  <<uly  of  one  particular  kind 
of  t«!I.  That  is  practieallv  never  the  case.  On  the  other 
hand,  it  is  usually  possible  to  find  a  eertain  tyix;  of  cell 
that  predominates,  or  at  least  makes  up  the  greater  t 
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if  the  tumor-parencliyma  witli  only  slight  deviations,  or 
Jse  specially  cliuracl^ristic  cell-lbrnis  are  represented 
wliich  lend  tu  the  tumor  b.  peculiar  appearance  in  the 
microscopic  picture  (ibr  instance,  "  giaut-cells ").  The 
tumor  is  usually  nimied  fi)r  these  predominant  bigtologic 
features. 

It  is  obvious,  however,  that  there  occur  in  sarcoma  an 
almost  limitless  array  of  different  tbrms  of  cells — just  as 
many  as  in  embryonal  or  in  pnilil'e rating  juveuile  con- 
nective tissue  in  inflammatory  growths — and  the  devia- 
tions from  normal  cell-protifemtiun  which  are  characteristic 
of  tumor-format iou  still  further  multiply  the  number  of 
,ibrms  that  the  individual  elements  uf  these  neoplasms 
may  assume.  In  general  it  may  l>c  statetl  that  the  his- 
tologic character  of  the  newly  formed  connective  tinsne 
iu  sareomn  is  the  more  atypical,  indistinct,  and,  a^  it  were, 
degenerated,  the  more  completely  differential  ion  of"  the 
connective-tissue  cells  is  atvolishcO  mid  more  embryonal 
and  indifferent  is  the  general  cluiracter  of  the  cells  which 
appear  in  the  tiunor.  For  this  reason  the  neoplasms 
which  are  furthest  removed  from  fully  developed  con- 
tinuous connective-tissue  complexes  and  occupy  the 
lowest  rank  among  these  tumors  are  those  which  are 
*'  Bmpoae<i  exclusively  of  vascular  conglomerations  of 
imple,  small,  round-cells,  such  as  exist  in  the  bodv  of  an 
embryo  as  Bii-called  indifferent  formative  cells;  while  the 
highest  form,  and  that  which  most  nearly  approaches 
typical  tissue,  is  the  neoplasm  in  certain  parts  of  which, 
at  least,  complete  differentiation  of  a  definite  connective- 
tissue  group  has  been  affected. 

1.  The  Round-cell  Sarcoma  {.SS-i rcomn  Ghbocellulare). — 

[The  simplest  and,  as  tidhiws  from  the  for^iaing  explana- 

;tion,  the  lowest  ty|>e  of  sarcoma  is  represented  by  the 

«>-called  round-cell  sarcoma,  in  which  the  connection  be- 

ftween  the  individual  cellular  elements  is  extremely  louse 

altogether  absent.     As  a  rule,  two  main  divisions,  the 

[email -Pel led  and  the  lar^:e-celled  round-cell  sarcoma  are 

nde. 

In  the  fonner  group  we  have  tumors  whiofa,  owing  to 
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PLATE  51. 
Larse-celled  Sarcoma  of  tbe  Skin  (He[nitt.-eciun. 

Liirg>^  [xilyguDal  «Hn.-iiiiiii-(.'<<llH ;  2,  Uie  «sme  with  fibm 

!t,  luffje  {'uiiiiLi:l[vi>ti:ULiu  tiiilieciiln^;  4,  Hbruiu  iiilercellulur  sulitt 


the  extremely  imperfect  connection  bet^veen  their  cellular 
element;,  represent  inarnwcopically  soft  nieihillary  tnmors 
cither  whitish  gray  or  grayish  red,  depi-niliiig  upon  the 
tiumlier  uf  bliMxl -vessels  prciK?nt  and  whieli,  as  ivptnis 
eoDflist^nce  and  color,  often  present  the  greatest  similnrity 
to  the  fetal  brain — a  i>cciiliarity  Iruni  which  the  old  name 
of  "  encephuloid  "  is  derived. 

The  cell^  that  compose  tliis  soft  parenchyma  are  small, 
spheric  structures,  possessing,  as  a  ride,  a  narrow,  translu- 
cent zone  of  protoplasm  surrounding  a  dark  and  qnltr 
distiuclly  granulated  nucleus.  In  teased  prepuratioriii 
tliese  spheric  cells  are  readily  isolutctl ;  as  u  ndc,  the  pcUs 
iihtained  by  scraping  the  rut  piirface  of  the  tumor  at  onw 
become  perfectly  isolated  in  fluid  and  can  be  readily  ex- 
amined (Fig.  X'XII,).  Frequently  the  nucleus  is  situated 
eccentrically, — i.<:,  very  much  ntaivr  the  cell-wall  at  one 
place, — «t  that  the  protoplasmic  Inxly  oti  direct  inspectiun 
appears  sickle-shaped  (Fig.  XXII.),  The  size  of  the 
cells  is  not,  as  a  rule,  quite  uniform  ;  along  with  the 
small,  round  structures,  which  correspond  perfectly  lo 
mononuclear  lymphocytes,  a  few  larger  spheric  forma 
with  dark,  dense  nuclei  occur,  which,  as  regards  size  atid 
appearanw,  might  l>e  compared  lo  the  so-called  "myelo- 
cytes." Many  of  the  cell-lxxlies  contain  faf-droplets.  In 
stained  prc|)arationa  also  the  texture  of  these  neoplasms 
apl>ears  very  wimple.  The  nuclei  of  the  round-cells  usuiilly 
{Kissess  greiit  tingibility  ;  the  chromatin-stnieture  is  dense, 
almost  imiformly  granular,  and  nucleoli  are  recoguizwl 
with  difficulty.  '  Not  infrequently  a  delicate  granular  in- 
tercellular suljstan(?e  can  be  traced  l>etivecu  the  (vlls,  at 
least  in  certain  areas  (Plate  56,  Fig.  1);  mure  rarely  the 
intercellular  aulwtancc  is  thick  cuougli  to  form  tnic,  deli- 
cate fibrils  (Plate  51»,  Fig.  1).  The  bltH..!- vessels  supply- 
ing these  diffuse  collections  of  cells,  which   i 
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larger  scale  what  we  observed  in  circumserilied  areas 
90-called  "  infiaramatnry  small -eel  led  iiiHltrsition," 
variable  in  iium1>er.  As,a  rule,  the  lai^er  brancbei 
resent  mere  thiu-walled  endothelial  tubes,  around  wh; 
the  masses  of  round  cells  are  cruuped  in  the  furm  of  a 
mantle  in  immediate  eontact  with  tne  endothelium  (Plate 
■56,  Fig.  1).  Sometimes  the  cellular  mass  octuQlly  jwne- 
trates  into  the  lumen  ;  but  in  r^ard  to  the  latter  tmi in t,  a 
caution  against  artefacts  sbonld  he  given,  as  they  are 
likely  to  be  formed  by  the  slightest  distortion  during  the 
removal  of  the  piece  of  tissue.  Id  such  cases  the  red 
blood-cells  are  found  among  the  round  tumor-cells, 
in  this  way  lai^e  hemorrhages  may  occur,  with 
tensive  destruction  of  tumor-tissue,  which  manifesto  itsel 
to  the  naked  eye  in  a  macular  appearance  of  the  coi 
sponding  portions  of  the  tumor. 

It  is  obvious,  in  view  of  the  extremely  labile  structi 
of  these  tumors,  that  their  tissues  are  subject  to  retrogressi' 
metamorphosis.  As  soon  as  the  predominance  of  the  pro- 
liferating cell-mass  over  the  blood-vessels  liecomes  too 
great  and  the  nutrition  accordingly  snlfers,  portions  of  the 
tumor  perish.  It  is  probable  that  a  local  necrosis  is  also 
produced  in  many  casc.i  by  the  encroachment  of  tumor- 
c«lls  on  the  lumen  of  the  blood-vessels  and  resulting 
embolic  processes.  These  necrotic  foci  are  ofl:«n  easily 
reoc^nized  by  the  naked  eye  ;  they  appear  as  large,  firm, 
dry,  yellowish  foci  of  radiating  structure  and  variable 
»\xe,  sharply  contrasting  with  the  surrounding  soft  medul- 
lary tissue;  while  microscopically,  especially  in  the  mai^nal 
xoae,  all  the  processes  of  karyorrhexis  and  karyolysis, 
which  have  been  described  repeatedly,  may  be  traced. 
The  nuclear  dfehris  breaks  up  near  the  center  of  the  fixrii 
being  reduced  to  minute,  dust-like  particles;  in  the  cei 
tral  portions  of  the  tumor  the  nuclei  refuse  to  take  tl 
stain,  while  the  outlines  of  the  eell-bodies  ofWn  persist  ft 
some  time.  It  is  needless  to  say  that  fatty  d^eneration 
ia  also  of  fre<]uent  occurrence  when  the  blood-supply  is 
deficient.  In  large  portions  of  the  fnmor  it  Is  oflen  difH- 
,,cnlt  to  find  a  single  cell  witlmiit  fat-dr'.plot^.     The  srri.wth. 
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PLATE  52. 
Fio,  1.— Fibroma  Sarcomatosum  of  the  Epiglottis  (HMnbt^ 

irorcesei  auiutuiiiutiiii^  witli  (ino  uuuLlier;  &,  Hlimus  iiili^rccllulur 

Fid.  2.— SpIndle-cell  Sarconui  From  the  Brain  ( Ut^iiiiit-«xi»id 

-  300.):   I,  S]>iiLdti<-u(']t£  L*<ill'>[igLludiiiull,v;  2,  P[iiii<Jl>M.H.'tl«  ii 


of  lliese  neoplasms  it;  usually  exc^>ediugly  rapid  ;  the  cetl- 
proiliictiiiii,  owing  Ut  the  complete  absence  of  diflferentia- 
tion  and  nrntunitlon,  is  exceedingly  active;  lienee,  if  the 
tissue  is  eximiinetl  in  a  snfficiently  recent  state,  nbandant 
mitotic  figures  are  found  and  along  with  them  all  the  |>allio- 
higic  deviations  from  the  regular  type  of  division  wtiioh 
have  l>een  deseriijed  above.  The  sites  of  pre<lilcction  ft  ' 
the  development  of  these  estremely  destructive  tumors  jir 
tirst  of  all,  the  intermuscular  connective  tissue,  the  skii 
the  ovaries,  and  the  twsticlea.  As  they  encntacb  upon  thi 
surrounding  tissue  they  present  a  typical  examjile  of  in- 
filtrating growth,  which  is  partieularly  recfignizahle  in 
niuselL'-t issue,  in  which  the  filwrs  l)«xime  densely  infil- 
trate*!  and  finally  melt  down,  mudi  in  the  sume  way  as  in 
sujipiifiition,  having  been  foree<l  a]>nrt  by  the  cell-invawon, 
lost  their  covering  of  sarcolemmii,  become  infiltrnted  id 
columns,  and  finally  stutleil  full  of  the  round  tuirKir-cell3>' 
(RVX.). 

From  a  moridiologie  standpoint  the  so-cidled  "lymph 
aarcniiia"  is  closely  relat^-d  Ui  the  small  round-cell 
doma.  It  has  its  origin  in  lymph-nodes,  in  llie  lytn[ 
tiAsue  nf  some  of  tlie  nincons  menihrnnes,  nnd  snmptii 
in  the  spleen.  Unlike  the  round-eel!  Koroumn,  it  _ 
a  readily  denionsl  ruble,  true  fibrous  stroma,  with  brani 
ing,  stellate  connective-tissue  cells,  which  !«end  out  thoi 

froceflses  between  the  round-cells  or  groups  of  maild-c^I 
n  this  form  of  tumor  we  have,  therefore,  a  reticular  suj 
porting  tissue  whicli  corrcspinds  in  every  respect  to 
"cytogenie"  tissue  iif  the  lymphatic  apparatus.     1 
BU]tportive  tissue  lotlgus  the  nutrient  vessels.     Sometli 
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tlie  supportive  siibstanw  is  so  abuiKiantly  develoiMtti  lliut  ' 
the  tumor  becomes  liarder,  and  we  tlien  have  the  so-called  | 
"  Imnphosarcoma  durum." 

It  IB  c\'ideiil  that  n  partial  and  local  ineniisc  of  this  | 
reticulum  in  the  neighlKirhuod  of  blood-vessels  must  re- 
sult more  and  more  in  the  formation  of  an  ''alveolar 
stnietnre,"  and,  as  a  matter  of  fact,  ■forms  are  often  seen 
which,  in  the  point  nf  alveolar  arrangement,  present  the 
greatcHt  similarity  tu  carcinoma.  This  similurily  is  en-  J 
hanoed  by  tlie  fact  that  sarcoma  of  this  character,  as  a  I 
rule,  is  not  of  the  small  round-cell  variety,  the  cellular  " 
elements  being  larger,  richer  in  protoplasm,  flattened  and 
polygonal  on  account  of  l)eine  densely  packed  t<»ether, 
and  thus  simulating  a  true  (■pitliclial  aggregation.  Owing 
to  this  roorphologic  simihiriiy  in  the  type  nf  the  carcinoma 
and  the  resulting  diagno-.lii' ditliciiliii's  tlie  term  narrmim 
carcinomatixles  has  often  \«->\i  ini|>!nyt'(l  to  describe  lliis 
form  ;  but  the  name  ought  ("  l>i-  sixliilcjiisly  avoided  when- 
ever it  19  possible  to  obtain  information  in  regard  lo  the 
real  cliaracter  of  the  tumor.  Usually  such  iufurmation  is 
ohtiiined  by  careful  analysis  of  the  contents  of  the  indi- 
vidual alveoli  and  their  relations  to  the  surrounding 
stniraii.  In  alveolar  large-cell  sarcoma  the  cells  have 
lieiiime  more  ])olymi>rplious.  In  addition  to  the  simple 
round  forms,  numerous  elongatetl,  polygonal  structures, 
provided  with  protopla.smic  processes  are  seen,  [Ktrticularly 
m  the  peripheral  jwrtions  of  the  alveoli,  and,  as  a  rule,  a 
connection  between  these  cellular  processes  or  intercellular 
substance,  if  such  is  present,  with  the  fibers  of  the  reticu- 
lum that  form  the  alveolar  walls,  can  be  demon^raled ; 
the  fibrous  tissue  of  the  alveolar  walls  may  send  out 
delicute,  extremely  minute  filaments  to  form  an  inter- 
cellular sub&tauce.  The  individual  alvttoU  themselves  nr« 
unequal  in  size  aud  usually  spheric,  in  cnnlradtetinction  to 
the  cylindrie  cell-ap^regations  of  carcinoma. 

2.  Bpindle-cell  Sarcoma  (Sarcofiin  FnmctUulurK). — In 
spindle-ccIl  sjn-iini!i  wi/  see  a  higher  degree  of  ccll-diSer- 
entiaiii.n  liiaii  in  mnnd-eell  --areomn.     While  the  physio- 

'  ■  prol<ity|je  of  llic  l;itlir  1-  pr.nliiiMy  represented  t 


{Keferil  Tta^td  Pn.pnration.      .    28fl.):   1,  LKr^t  spimlkMielU  tm-^^H 
boddtd  in  fibmus  iiiUrciaiiilar  gubslarco  ;  ->,  ia^kitd  !|.iiidlt-<!elle  ;  3^^H 
Bpindk-eelk  will,   llioir  cell-bodies  in  a  sUte  uf  piirtiul  fully  drgen^^H 

Fig.  S.-5plnd)e-ceI1  Sorcoms  of  Uie  Utenifl  ( Rantit.-eMii^^| 

.   250.):    1,   Lonj;,   ^^pitulk^liuiiod  (.-(.'lis;  '2,   »^e^mioi>U  of  tbe  aiui^^^^H 
wilhoul  nuclui ;  S,  fcllit  with  Bt.'lliila  proUiplusiiiif  prot-csat*.                ^^^| 

ensin.      ■<  250, ) :   1,  Colls  iifUfr  Iho  IvpL'  .if  round  celk  ;  2,  spucis  Qllti^^^H 

the  so-called  amnll-ccll  iaflunimatory  infiltratinn,  tlie  ele^^^| 
ineiite  of  the  spindlc-«>ll  sarcoma  find  tlieir  prototype  ti^^^| 
the  "fibroblasts,"  which,  as  we  huve  seen,  may  play  a^^^H 
important  part  in  inflammatory  prolileratiouB  and  in  re^^H 
generation.                                                                              j^^| 
In  this  variety,  then,  the  connective-tissue  character  <^^H 
more  pronounced  even   in   the  form  of  the  cells.     Th^^H 
development  of  intercellular  substance  is  variable;   th^^H 
tissne  may  present  a  distinctly  fibrous  type,  and  it  may  be^^" 
so  abundant  as  to  bring  about  transitional  forms  between 
spindle-cell  sarcoma  and  the  cellular  form  of  fibroma. 

According  to  the  average  size  of  the  ceils,  these  tumora 

arc  divided  into  small  ami  lai^  spindle-cdled  sarcomata. 

In  the  former  the  individual  Cflls  are  small  in  size,  and 

in   a   recent  preparation    readily   isfjlated,   appearing  aa          i 

elongated   structures   with   a   central    bulging  and   lons^^H 

processes  drawn  out  into  |)oiuts,  which  project  from  eacn^^H 

end  of  the  cell.     Tiic  nucleus  is  situated  centrally  in  th^^f 

tliicker  portion  of  the  cell ;  the  shape  is  that  of  a  lui^^^J 

^L       ovoid,  and  the  olmjmatin  network  is  cjuite  thick.     To^^H 

^H       nuclei  usually  occupy  the  entire  n-idth  of  the  cell,  eo  t^^^^| 

^H       in  a  longitudinal  section  the  body-pnitoplasm  appears  i^^H 

^V        the  form  of  twi>  jH'aked  ca|is  covering  the  two  poles  of  tbl^^^l 

^H        nucleus.     The  nnilual  arrangement  nf  the  cells  is  ^i^^^^^l 

^^L      that  the  point  of  one  cell  is  in^icrti-d  into  the  space  betwee^^^H 

^^L    two  other  oella,  thus  bringing  about  a  rhomboid  arrang^^^J 

^^^^I^^^^^H^fl 
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metit  and  permitting  the  cells  to  be  densely  crowded 
together.  This  picture  is,  of  course,  seen  only  iu  longi- 
tudinal Bections  <>f  the  cell-cords.  As  only  &  few  of  them 
are,  as  a  rule,  srmngeil  in  parallel  rows,  and  as  tliey  are 
usually  made  itp  in  bundles,  the  individual  bundles,  wbichv 
vary  much  in  thickness,  may  interlace  with  one  another  in' 
every  conceivable  direction. 

In  a  large  cross-aeetion  we,  therefore,  see  every  con- 
ceivable section  of  the  cell  from  the  completely  longi- 
tudinal to  the  completely  transverse  direction,  the  latter, 
of  course,  giving  the  impression  of  simple  round-cells, 
with  which  thev  may  readily  be  confounded  (Plate  52, 
Fig,  2),  This  interlacing  of  the  fasciculi  also  produces  a 
certain  resemblance  to  myoma,  except  that  the  nuclei  of 
the  Bpindlc-cells  in  longitudinal  section  never  present  the 
simple  rod-shape.  Sometimes  there  is  a  defimte  reiatioa 
between  the  cell-cords  and  the  blood-vessels,  in  the  sense 
that  the  latter  are  enveloped  as  by  a  mantle  by  the  cell- 
spindles  arranged  lengthwise,  so  that  in  the  neighborhood 
of  crosB-sections  of  blood-vessels  the  adjoining  tumor  ele- 
ments also  are  seen  in  transverse  section.  The  latter, 
however,  are  sejMiratcd  from  tlie  lumen  of  the  blood-vessel 
by  a  distinct  endothelial  tube,  wherea,'^  those  forms  in 
which  a  direct  transition  from  endothelial  cells  to  tumor- 
cella  is  observed,  while  the  blood  circulates  freely  in 
canals,  are  to  be  classified  as  endotheliomata. 

In  the  large  spindle-aelled  sarcoma  a  somewhat  greater 
variation  is  observed  in  the  cell-forms.  The  indi\-idual 
cells  contain  more  protoplasm.  The  nucleus  does  not 
occupy  tiie  entire  width  of  the  cell,  but  ia  also  larger  and 
less  linear.  In  addition  to  the  simple  spindle-cclTs  there 
arc  forms  with  several  sharp  or  blunt,  club-shajjed  proo- 
esses  and  even  some  genuine  stellate  figures.  The  processes 
are  often  longer,  sometimes  very  delicate,  and  lose  tliem- 
selves  in  the  intervals  between  the  neighboring  cells; 
occasionally  they  even  present  dicliotnnious  branching; 
true  intercellular  substance  is  scanty,  if,  indeed,  any  at  all 
is  demonstrable.  It  is  needless  to  say  that  the  mutual 
arrangement  of  the  cells  is  accordingly  less  regular 
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f;is*:icular  than   in  tlie  small   spiniilcM.'elled  «injuma,  a 
in  most  exaaiples  a  certain   modeling  of  tlie  c«lls  from 
mutual  pressure  may  Ije  observed  (Plate  53,  Fig.  1). 

Fibrosarcomii  approaches  the  small  spindle-celled  sar^l 
coma  as  regards  the  development  of  its  iudividual  celhilatfl 
elemental.      It  is  character i zed  bv  au  uniisiially  distiuct-l 
developnieut  of  the  interstitial  substance.     In  this  formj 
also  the  cells  are  usually  small  and  spiodlc-slmped,  vk-ith  tM 
granular  protoplusm  and  vesicular  nuclei  (Plate  53,  Fig,  Za 
Plate  52,  Fig.  \);  but  the  cellular  pi-ocesses  are  drawa^ 
out  into  delicate  fibers  which  anastomose  with  one  anotberl 
and  enter  into  communication  with  fibers  situatnl  betweeal 
the  cells  and  nut  in  immediate  relation  \vith  the  same^'l 
jtrobably  representing  excretion  or  cleavage  products  of  T 
the  cells.     Occasionally  the  cell-lxKlies  and  their  fibrous 
processes  exhibit  a  branching,  net-like  arrangement  ("  net- 
cell  sarcoma,"  Plate  52,  Fig.  1).     Among  these  elements 
roundish  nuclei  are  scattered  about,  wliich  appear  to  pass  _ 
into  fibers  without  the  intervention  of  the  [>n>topIasm!o  J 
body  (so-called  "nuclei  fibers").  I 

Fibrosarcoma  is  distinguished  from  simple  fibroma  by  I 
the  number  of  cells,  the  abundant  amount  of  protoplasm^V 
and  the  polynioqdious  character  of  the  cells.  I 

Sometimes  the  fibers  both  in  fibrosarcoma  and  in  fibromsj 
undergo  swelling  and  a  true  mucoid  metamorphosis,  whiobS 
usually  involve  the  oell-bodics  also,  giving  as  jibroaanxmC^ 
myxowatomm.  In  stained  sections  of  these  tumors  (PktaH 
6J^  Fig.  2)  we  see  a  network  of  filwrs  with  broad  circularS 
meshes  filled  with  mucoid  siibstanee,  and  between  theeftl 
meshes  vesicular  roiindiah  or  oval  nuclei,  around  which  it  j 
is  impossibh}  to  derocinstrate  any  pntloplnsniic  body,  and  J 
which  appear  to  be  denuded  nuclei  scatterid  among  the  J 
filjcrs.  I 

3.  The  Oiant-ceU  Baxcoma.{Sarcoma  GUfivilordhikire).^m 

The  giaut-ecll  S!ircoma  derivee  its  name  from  the  giant- 1 

cells   which   it  contains   in   greater  or   less   nbunaaoc^  ^ 

nithungh   the  term   is  not  intended  to  signify   that  the  t 

I  tumor  is  entirely  composed  of  such  cells :  tiiey  are  merd^y  ■ 

ncsttered  about  here  aud  ilvtmi.  I 
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A  giant-ecll,  it  is  needloAs  U}  ?iiy,  is  ;i  cellular  imliviiliial ' 
with  several  uiiclul ;  we  have  already  met  this  type  of  cell 
ill  many  forms  of  inflammation  and  regeneration,  as  well 
as  in  the  infections  grauulomata.'  While  tiie  actual  prei»- 
ence  of  several  nuclei  is  a  sine  qud  non  in  the  definition 
of  a  giant-cell  (hence  also  the  name  uf  "polykaryocyte"), 
these  structures  are  evidently  produced  in  a  variety  of 
ways,  and  this  variable  genesis  is  often  clearly  expressed 
by  their  form.  The  giant-ccU  is  in  the  main  produced  in 
one  of  two  ways :  by  continuous  division  of  the  nuclei  in 
the  same  cell  ("  proliferation  giant-cell ")  and  by  the  fnsion 
of  preexisting  cells  ("conglutination  giant-cell").  Fur- 
thermore,  it  has  been  seen  that  in  ttibgrculoais,  for  es-, 
ample,  giant^cclls  may  be  formed  from  the  cells  ul'  ves- 
sels, either  by  the  fusion  of  endothelial  cells  derived  from 
blood-  and  lymph-vessels,  or  frttm  homogeneous,  degener- 
ated contents  ot  blood-vessels  (hyaline  capillary  thrombi). 

The  production  of  giant-o^lla  is  pecnliarly  a.ssociuted 
with  foreign  bodies  of  every  kind  ("foreign-body  giants- 
cells  ") ;  tKey  are  seen,  therefore,  aft^^r  the  invasion  of  the 
tissno  by  all  kinds  of  corpuscular  elements  (hairs,  snture 
material,  dust-particles,  bacteria) ;  but  they  may  also  be 
formed  around  necrotic  portions  of  the  tissue  itself,  which 
act  as  foreign  Iwdies  (for  example,  horny  particles  in 
squamous  epithelioma).  These  foreign-body  gluut-cells  are 
to  be  distinguished  from  the  "  i»arenchynia  giant-cells," 
80  called  by  von  Hansemann,  wiiieh  may  be  produced  in 
a,  variety  of  ways  in  tumors.  The  enomions  number  of 
naclei  which  these  giant-cells  sometimes  contain,  and,  on 
the  other  hand,  the  extreme  scarcity  of  mitotic  figures  in 
the  cells  appear  to  suggest  that  some  of  the  nuclei  at  Icart 
have  been  produced  without  mihwis  by  direct  division  of 
fragmentation.  This  theory  is  supported  by  the  buds  that 
are  sometimes  observed  in  the  nuclei  and  by  the  fact  that 
two  or  three  nuclei  are  often  found  in  the  same  cell,  still 
connected  by  bridges  of  chromatiu  substance. 


I 
I 


'Even 


Hmnnc   "in 
iflnnl  til  tile 


in  inc  dct^iirmnce  i>f  giiinl-oells  U  not  by  any  4 
trciiinK ;  [hey  uIbo  njipear  in  endvth«lioiiiii,  in  ^ 


288 


TUMURS. 


PLATE  S4- 

Fin.    I,— Polymorphocellular  Sarconu  of  the  Nose  i 
Distinct  InterceltuUr  Subetance  (Uomni.H^ffiin.     <    'iSO.): 
Largi-  polyguDul  tuiM.ir-i...-iU  n  ill,  > ■■Moiiltir  miok-! ;  2,  Bbrilliir  wlldl 
pr(>uusi!UB  {  3;  Ulimuh  iiiteroelluliir  tiib^tuiice. 

Fio.  2.— Large-cell  Sarcoma  from  the  Mesentery  (B-.^ 

eiiBin.      •.  2W).) :   1,  Pol^i'guual  tumor-cell^  with  vi-t'k'iilur  nur 
brood   fiinnoctive-titiiuc  septn ;   3,   delicate  simuds  of  flbniui  i 
eollulnr  subaUinoe. 


FiDally,  it  is  well  kiiowa  that  under  iiomial  conditioi 
multiniicleiir  cells  are  found  in  growing  as  well  as  i 
atropbic  boue  (ostcMblastt;  and  osteoclasts),  and  the  rt-d 
bone-marrow  at  all  times  contains  giant-cells.  This  tyj* 
of  gianl-cells,  called  "  myeloptare«,"  is  evidently  tho  one 
that  is  especially  reijpoduced  in  sarcoma  wliich  grow  from 
the  skeletal  eysteni,  both  from  the  ])eriofitenm  and  from 
the  marrow  (periosteal  uud  myelogenic  sarcomn);  it  is  in 
this  form  of  sarcoma  that  multinuclear  cells  are  usually 
found  in  greatest  abundance,  and  tbey,  therefore,  fiirnish 
the  largest  contingent  of  true  giant-cell  sarcomata. 

The  arrangement  and  distribution  of  the  nuclei  are 
extremely  variable.     Sometimes  they  are  found  congre- 
gated at  one  jwle,  or  more  frequently  at  the  two  opix)sife 
poles,  of  the  cell,  while  the  intervening  portion  is  free 
from  nuclei  {[xilar,  bipolar  nnclcation) ;  or  the  nuclei  a 
arranged  in  a  ring-  or  girdle-shaped  zone  at  the  peripbek 
of  the  cell,  so  that  iu  transverse  section  an  almost  on 
tinuous  wreath  of  nuclei  is  seen  surrounding  an  absoluta 
homogeneous  center.     Cells  with  this  disposition  of  ti 
nuclei    belong  to  Longhans    type  of  giant-cell,  the  i 
especially  characteristic  of  tuliercnlosis,  but  is  also  ot- 
served  in  other  lesions.     Weigert  attributed  this  arrange- 
ment to  an  antecedent  caseous  necrosis  of  the  cell-body. 
On  the  other  hand,  the  so-ealleil  myeloplax  ty|»e  of  giant- 
cell   is  the  one  that  ustiiilU    presents  the  pecnliurity  of 
having    the    nuclei    eongregatcd    in   dense   massas   in   the 
■  porlions  "f  the  eell-lKidy,  the  periphery  of  the  cell 
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I  invariably  regular  anil  %-esiciilar,  the  nuclei,  both  within  the 
giant-cells  and  outride  of  them  in  othtT  cfUs  of  the  saintt 
tumor,  frequently  assume  abnormal  forms,  particularly  as 
r^rds  size  and  quantity  of  chromatin.  Very  large 
nuclei  are  seen,  which  many  times  surpass  their  neighbors 

(in  extent — so-called  giant-nuclei,  which  have  already  been 
jeferretl  to  in  another  place.    Quite  often  they  also  possess 
Va   irregular,  lobulated   structure,  and  the  chromatin  b 
generally  of  unusual  density. 
In  these  examples  it  looks  as  if  an  attempt  has  been 
made  at  multiplication  of  the  nuclei  by  direct  division  or 
by  gemmation,  but  that  the  attempt  has  not  proved  suc- 
cessful.    Sometimes  these  giant-nuclei  present  the  most 
l>izarre  division  or  fragmentation  figures,  producing  re- 
markable roaet  shapes  and  giving  the  impression  as  if  a 
large  lump  of  chromatin  bad  suddenly  burst  as  n  result 
^L«f  internal  pressure,  numberless  minute  fragments  being 
^p^cattered  in  all  directions.     True  hollow  nuclei,  which,  on 
^f  transverse  section,  appear  as  circular  figures  are  also  ob- 
served.    It  is  comparatively  common  to  find  in  giant-cell 
sarcoma,  in  addition  to  the  nuclear  conglomeration,  a  great 
variety  of  cell-inclusions.     Thus  the  leukocytes  as  well  as 
_    other  dead  cells  may  be  found  incorporated  in  the  proto- 
^^plasm.     It  is  possible  that  these  structures  act  as  foreign 
^Rtwdies  and  cause  the  pn>diiction  of  giant-cells  iu  the  same 
^T  way  as  described  in  connection  with  foreign  bodies  in- 
vading the  tissue  from  without.     The  number  of  nuclei 
in  a  single  giantK;elI   is  sometimes  so  enormous,  and  the 
structures  are  sometimes  so  latge,  that  they  are  not  infre- 
quently discernible  macroscopically  as  dark  points  in  a 
section;  In  serial  sections  several  hundreds  of  nuclei  are 
sometimes  counted  in  a  single  cell. 

The  protoplasm  of  giant-cells  is  usually  soft  and  i)erish- 
able,  and  is  i)eculiarly  prone  to  fatty  degeneration.  In 
hartiened  and  stained  sections  the  cell-bodies  accordingly 
appear  pcrfiirated,  like  a  sieve,  by  the  vacuoles  which 
were  originally  filled  with  fat-<lroplcfs  (Plate  57,  Fig.  2) ; 
ilic  outline  is  irregular  and  sinuous,  and  the  structure  of 
ni'tat  of  that  part  of  the  cell  which  is  devoid  of  nudei 
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PLATE  ;;. 
—Pw-itbelloma  (So-called  AngloAarconw t  froni  t 


Leg  (lh>iiiiii.-i-ti^i.i.      »  00-):   I,   Ulu.ni-im.'tt  in  t 

'1.  I'liiIilV'rHlirig  peritheliikl  celU  Murruuiidiiig  [he  vcsscli  like  k  muntlu; 

3,  bi'iod-riiRiiiwil  wilhin  tbc  lumur. 

Km. :!.— Perithelioma  (So-called  Tubular  Sarcoma)  Of  llic 

Liver  (Huiiiul.'i'i>6!n.  x  'J5. 1:  I,  LUuud'Vt.ii»i.'ln ;  'Z.  it-'Uf  Hggrvgib- 
tiona  uf  large  roujid-L^oMi  Br.iumi  ilio  l>lrj«].vrt8(-lis ;  3,  ulruiids  of  wu- 
nUL'Uve  Umuh. 

PLATE  56. 

fiQ.  I.— Details  ol  the  Preceding  (  •  Sin.);  1,  Snull  blood- 
vcsiHitt ;  2,  surviving  ontlulheliHl  oelU  ;  3,  iirulift-rHUMJ  )wrilhi>lilll  [-olU. 

Fia.  2.— Hemangloeadothelloina(Cyllndronui)of  the  Parotid 
Gland  (II«miit.-«osiQ.  >.  2M.  I  :  1,  Fn>lircri<tLil  pnauthdiul  •••iWt ;  :!, 
wulU  of  blood- vc^eets  iii  u.  si>\V±  uf  hjaliiic  dvi;<'i>t'rHLirirj. 

V\Q.  S.— Alveolar  Large  Round-celled  Sarcoma  from  Ibc 
Perioateum   (Henist-efsin.      «    250.):    I,    Hciivy  *rpluiii   .if  con. 
10;  %  delicate  tonnettive-lissue  rrticuluni ;  3,  pc>1_vliMlRtl 
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PLATE  57. 
Fio.  I.— Periosteal  Round-cell    Sarcoma  from  the  Skull 

frnm  tho  |H.Tir,s[omn  ; 


9 .  3,  deii^o  Diiisa  of  rullnd-CL'lls. 
KiQ.  2. —Round -Cell  Sarcoma  from  the  Lower  Jaw  (Epulis 
SarcomatOSa)  (^  afiO.l:  1,  GinnUocll  wllli  niany  nudci ;  2,  ful-vnc- 
uiileij  witbiri  the  auuii? ;  3.  polyhedral  cells. 

ivaembles  lioneycoinl)  or  soapcuda.  This  is  particularly 
the  case  when  the  section,  as,  of  course,  often  happens, 
involves  only  the  outer  portion  of  a  cell,  where  there  arc 
no  nuclei  (especially  tlte  upper  or  the  lower)  antl  where 
the  vacuoles  are  thickest  (Plate  57,  Fig.  2). 

Tlie  remaining  c«lls  of  giant-cell  sarcoma  may  be  of 
various  kinds.  Most  freqnenlly  the  tiiraor  conforms  to 
the  type  of  the  large  round-cellHl  sarcoma  or  the  spindle- 
cell  sarcoma,  and  in  almost  every  instance  the  uninuclear 
cells  considerably  exceed  in  number  the  giant-cells. 
Fibrillar  processes  (.w-calletl  pscudo nod-like  processes) 
such  OA  we  have  seen  in  the  giant-cells  of  tnbcrtsle,  aaa 
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tlie  ri'maiiiing  cellular  iiiiitcrial, 
■■  ill  Barfomji.  AsohscrvwljUiost 
giant-t'-cll  -an'iijiuila  li;ive  ttieir  origtu  in  llio  skeleton; 
the  Jaws  a|i|H':ir  lo  |>o;>-ess  a  B]>H:ml  prwliltction  fur  the 
develoiiiiK'iit  of  tlium'  (umurs,  wliicli  in  that  situation  have 
been  designated  by  Ni^lalon  epulis,  (For  jiurpoBOi  of 
greater  accuracy  the  term  "  epulis  eurcomntosa  la  also 
'used.) 

A  large  number  of  sareoinata  cannot  be  classified  with 
any  of  the  furnif*  so  far  deseribetl,  as  tiie  ci)ni;tituent  cella 
prewnt  many  differi'ni^t^,  botli  among  themselves  and  ai«  a 
whole,  and  cuunot  bt^  ehurauterized  tui  round-eells  nor  as 
»^pindlo-cclis,  nor  even  as  giaut-celb;  as  a  rnle,  tlh^y  are 
irregularly  jxilygonal  elements,  and  scatterLiI  tlmjugh 
them  in  varying  nnnibei^  are  lai^e  and  small  spluTie  and 
spindle-shaped  forms,  so  tiiat  it  i:^  impossible  to  find  a 
uniform  coll-tyiH;.  Sometimes  one  form  ])redomiiiateti  and 
sometinu'9  aiiothtT;  multtnndcnr  and  even  true  giunt^fella 
may  Itp  represented.  Owing  tn  this  variety  in  the  cells  in 
a  small  area  of  the  timior  thev  are  best  summed  up  under 
tlie  nante  of  pot-i/niorpliocel/ufur  sarcoma.  It  is  hardlv 
necessary  to  say  that  tlie  armngement  of  the  cells  with 
regard  to  one  another  is  also  extremely  variable.  It 
depends,  in  the  main,  on  the  degree  of  development  of 
the  interstitial  sul»stance.  In  many  eases  it  Is  sparingly 
developed  and  consists  solely  of  cellular  processes  whici 
vary  more  or  less  in  length  and  are  ronnect«l  with  one 
another  or  vanish  among  the  cell-bodies  (Plate  54,  Fig. 
1,  and  Fig.  XVIII.).  As  a  rule,  the  processes  are  seen 
better  in  a  fresh  preparation  after  isolation  by  teasing 
than  in  a  stained  section.  Sometimes  the  eells  are  arranged 
in  groups  and  framed  in  genuine  fibrous  tis.sue,  thus  pro- 
dacing  a  distinct  alveolar  structure  {Plate  52,  Fig.  2), 
A  fletinite  relation  to  blood-vessels  is  sometimes  made 
out,  the  cells  being  grouped  around  the  vessels  in  tube- 
like a^regations,  and  in  a  sense  presenting  an  enormously 
tbiekennl  adventitial  layer.  Owing  to  the  similarity  of 
the  tumor-elements  to  epithelial  cells  flattened  by  mutual 
iressui-e  these  sari'oniala  have  often  been  designated  epitk 


FIGURE  XVU. 
Alveolar  SarcomB  (x   320,):    1,    Liirgn  tuiuiir-cella   i 
iij  ne*t-llke  HggrcKutii'iiB  miU  in  purl  posicHiiiR  very  ciLlBiiaTe  nuoln^ 
2,  lirimil  (i>Niii!(-tJv>^iiii>u<.<  n'pu ;  3,  iJi'lkat^'  lllpxi'  inb-rct'lliiUr  i\ 
vhh  tlic  septa;  4,  atj'pirul  niii'itic  tl(>iir 
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FIGURE  xvni. 


Polymorphiicellular  Sarcoma  of  the  Upper  Jaw  (  >  320.):9 
Spindle  iind  Etuliiile  cella ;  among  tbuiii  iiiuluuui.'lEuknl  uutU;  pruUt^ 
(itabtiiic  tuxlies  loaded  with  lkudn)plot£. 

lioid-cell  »areiiiitiilti ;  hut  it  is  tci  1*  remembered — as  hat 
ulready  Ik^ii  puiiiloi  mil  in  tin-  inlnKluctidii  tn  tlic  sulywit 
of  tumors — tfiat  <'rif:iii:i]ly  tlic  ivurd  cpitliclioid,  atrording! 
to   Viruliiiw,  w:ii-    iurt    iiitt'iidt'd    tu    dti^ignatc  celU  of  ft'l 
(iefiDite  furni,  but  rutlicr  ei-ILs  conn>?eted  with  aae  aiiutbeHl 
in  a  uianner  similar  to  that  of  epithelial  ceH&. 

Many  sarcomata  pn-sent  Dot  only  proliferation  of  aum-d 
berlcss   cells   of  a   ilefinit*?   form  or  of  several  di9ercnt| 
forms,  but  also,  in  part  iit  least,  the  development  of  ti 
belonging  to  tho   eonncctivo-tisaue  gmup.      This   resnlv 
may   he   brought  about   in   one  of  two  ways :  either  ^ 
typiral  comiectivc-t issue  tumor,  belonging  to  the  groum 
that  has    been    describcii,   wcoudarily   undergoes   i 
plastic,  irregiiliir,  ntyintal   rell-nroliferation,  which  doc 
not  lead  to  the  production  of  fully  formed,  mature  tisHueJ 
but  becomes  arrested  at  some  lower  embr>-onal  stage  ufw 
development.   This  process  was  formerly  called  "sarcoma^ 
tous  df^neration."     We  then  have  a  combination  eharaoi 
teriised  by  a  secondary  change  of  growth,  nietn|ilasia— 
decadence,  as  it  were,  of  the  tumor  and  its  return  to  ■ 
primitive   stage.     In  the  other  case  the  formation  of  a 
typical,  mature  tissue  goes  on  at  tho  .name  time  hand-in- 1 
hand  with  the  unbrldlwi  proliferation  of  undifferentiated  f 
cellular  individuals,  so  that  a  combination  of  two  kindfl'] 
of  tumors  is  present  from  the  beginning. 

After  the  explanation  that  has  l»een  given  it  would  be  ^ 
improper  to  apply  the  same  term  to  these  two  varieties  of  "^ 
a  tfonibiiiation  of  tumors  composed  of  different  tissues  o 
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representiDg  at  least  difliTeiit  doprpes  of  difiercntiatinn  of 
the  ^mc  tissue.  Again  wc  shall  follow  the  uumGiiclature 
first  laid  down  strictly  by  von  Borst.  Accordingly,  if  a 
neoplasm  which  has  originated  in  a  typiaU  mature  tissue 
becoines  atypical  by  a  change  in  the  character  of  prolifer- 
ation of  the  cells,  we  shall  use  the  noun  of  the  corrp8i»nd- 
ing  tumor  and  add  to  it  the  adjective  "sarcomatosum." 
\Ve,  therefore,  speak  of  a  fibroma,  myxoma,  etc.,  "  sarco- 
matosum " ;  while  the  compound  words  made  up  of  the 
nouns  indicating  two  different  tumors,  such  as  fibrosar- 
coma, myosarcoma,  and  so  on,  are  reserved  for  those  forms 
in  which  the  tumor  clearly  shows  the  combined  growth 
of  two  different  tissue  varieties  from  the  b^inning. 

It  is  evident  that  such  a  commingling  of  various  kinds  of 
cell- complexes,  in  whatever  way  it  may  have  been  brought 
about,  must  eventuate  in  a  richer  development  of  struct- 
ure; hence  the  term  "  histoid  "  cannot  well  be  applied  to 
such  tumors,  although  in  the  final  analysis  elements  he- 
longing  to  the  connective-tissue  group  enter  into  their 
composition.  The  development  of  these  elements,  how- 
ver,  is  so  multiform  that  even  at  the  first  glance  the  con- 
raat  between  indifferent  cells  and  fully  formed  and 
"physiologically  finished"  tissue  is  clearly  visible,  thus 
go^esting  a  comparison  with  the  structure  of  a  fully 
Ibnned  oi^n.  The  irregular,  undifferentiated  masses  of 
Bells  play  the  part  of  parenchyma,  while  the  mature 
tisane  represents  the  supporting  substance,  so  that  the 
Composition  of  tumors  of  this  kind  may  well  l>e  called 
V  organoid," 

In  the  description  of  fibroma  it  was  pointed  out  that 
die  occurrence  of  an  abundant  cell -proliferation,  in  which 
udividual  cells  no  longer  attain  tlie  type  of  the  adidt 
!»nuective-ti.ssue  cell,  may  alter,  at  leant  piirtially,  the 
tharacter  of  the  tumor,  and  compi-l  the  use  of  the  term 
Stroma  snreomnloaum.  The  unfinished  islands  of  cells 
&Pe  usually  comiMMe*!  of  large  spindle-eells  with  nbnndaut 
potopWm,  sucii  ns  are  not  frund  in  adult  connective 
traostaresecn  as  fibmbhi^ls  In  qtiiti'jnveiiile 
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FIGURE  XIX. 
Myxosarcoma  from  the  Jaw  ^  >  2&).\:  1,  Cell-coi^  ei 

.r  (luKt-iiiiul  irlirt  wilh  f-iweev ;  2.  lur>:t  ceiK  with  ■buiidnlit  p 
ilnijiii  lUid  iiuiiiunm*  [infiswia ;  a,  iiitiTi:.OIiiUr  fitiinllur  cvuiiix'Uuq 

FIGURE  XX. 
LIposarcoma  from  the  Peritoneum  (  >  80.) ;  1,  FaUj  tMl 


occur,  but  the  grouud-H-fSue  is  always  fibrocclliilar  ! 
thus  shows  the  original  type  nf  the  tunitir.     On  tlic  niher 
hand,  tlie  lorm  Jiirosurcoma  indicates  a  tumor  in  which, 
from  the  beginning,  the  development  of  fibersj  on  thi-  one 
hand,  and  of  large  spiudle-slmped  cells,  on  the  other  haiH°^ 
has  gone  on  side  by  side  (see  lupra).     If  net-like  brand 
ing  elements,  between  the  processes  of  which  U  seenfl 
mucoid  intemellulur  substance,  make  their  appearance,  iT 
have  a  myxoeareovui ;  wbereus,  aecordiny  to  our  expUinJ 
tion,  a  sarcomatous  tumor,  parts  of  whic-li  secondarily  i 
dergo  mucoid  softening,  should  logically  be  called  a 
mysomatosum.      Myxosarcoma,  in  contradistinction  ; 
simple  sarcoma,  contains  nnmeroUR  lai^e  branching  oeJu 
sometimes  the  mucoid  deposit  is  es|)eHally  well  developi 
in  certain  portions  of  the  tumor,  while  in  other  portiol 
round,  spindle,  or  polygonal  cells  predominate. 

A  special  combination  that  is  rarely  seen  is  lipoaarcc 
In  this  variety  we  have  a  proliferation  of  fatty  tismi^ 
with  here  and  there  a  more  or  less  extensive  prolifenilion 
of  juvenile,  not  distinctly  differentiated,  cells.  The  fatty 
tissue  presents  itself,  just  as  in  a  typical  lipoma,  in  I 
form  of  large  spheric  cells  arranged  in  large  congi 
tions  like  bunches  of  grapes,  with  peripheral, 
8ickl^shape<l  or  cup-Bluii«><l,  nuclei ;  but  even  the  i 
cellular  iK)rtions  may  reveal  a  marked  tendency  to  ( 
infiltration.  The  individual  cell  in  this  variety  i' 
spheric  in  shape,  but  possesses  a  lai^e  vesicular  ni 
usually  situateil  in  the  middle  of  the  c*'ll,  wliile  nuraei 
ftf-fbiipli-tH  are  (V\atv\\ivrtw\  \W(>M^>ftvV  the  i^ii 
tbcv  are  tV\sso\\eA  *ra\  \n  ttw  ■AawvA  *( 
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the  cells  assume  a  vacuolated  structure  i 
suds,     Tliis  primary  formation  must  not,  of 
confouDdc<l  with  (atty  degeneration  occurring 
ct'lls,  whieli,  a»  mentioned,  may  l>e  met  in  any  form  of 
uareonia.     As  a  result  of  tlie  comniingjiug  of  fat-celU 
and  )>rotop]a.smic  cells  thai  arc  also  infiltrated  with  fat 
lilwMareoma  is  a  yellowish-white  tumor  resembling  par- 
amn ;  it  is   sometimes  multiple,  as,  for  example,  in  tW 
peril*jnenm,  where  it  may  appear  in  the  form  of  innumer- 
able small  nodules  (personal  observation)  (Fig.  XXI.), 

Combinations  of  sarcoma  with  cartilaginous  tissue,  nil 
the  other    hand,   are   observed    much   more   frequently 
Sometimes  the  development  of  the  cartilage  is  quite  tj'pi- 
eal  in  places,  showing  that  the  sarcoma  has  grown  along 
with  llie  cartilage,  and  such  tumors  should    receive  the 
name    of  chondrosnrcoma.     The    cartilaginous    sul)stanee 
presents  wcll-develo])cd  capsules,  and  withiu  them,  as  in 
a  simple  chondroma,  one  or  several  cartilage-cclk.     These 
areas   are   usually   eircnlar  or  cylindric   m   shape,   and  ] 
bounded  by  extremely  cellular  tissue,  made  up  of  sniridle-  1 
cells  arranged  in  parallel  rows,  which  in  a  sense  play  the  I 
part  of  perichondrium.     Adjoining  this  is  a  true  sarco-  1 
matous  tissue  in  which  the  formation  of  the  cells  is  moreJ 
manifold;  occasionally  giant-cells  are  represented.     It  is  J 
undeniable  that  even  in  these  genuine  conibiuatiun-fornis '1 
a  certain  atypical  ehnr.icter  sometimes  manifests  Itself  in  I 
the  development  nf  the  cart i lace-tissue,  the  capsules  being  1 
insuBieicntly  developi-d  i^nd  the  caNnties  often  reduced  to  J 
a  mere  cleft  or  containing  large  cellular  accumulations.        1 

It  is  even  more  common  to  see  in  a  tumor  which  wah  ] 
originally   cartilaginous   an   extensive    mtiltiplicatioii   of   1 
cells,  with  dtsap])earance  of  the  intercellular  siilelanee;  1 
metaplastic  processes  take  place  in  the  cartilage-cells,  end-  I 
ing  finally  in  complete  cellular  metamoqihosis  of  the  entire  1 
cartilage  and  prmiucing  the  ckondromn  sarmmulfmim.    As   ' 
the  cartilage-cells  cimlinue  to   develop  and   their  proto- 
plasmic Iwdies  swell,  the  imvities  expand  and  the  ground- 
eubstance  is  dis^lve^I.     [n  this  way  cellular  islands  sur- 
^■■lll^^um^^of  cartilage  are  lljrmi^l^  vvU^y|tf^ 
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^H                                                       PLATE                                             ^^1 

^H           emin.      x   ^^}.y.    1,    i>lluli>r   p..rtioN9  ontUting   chipB.v  "f  «pin4^^| 

^V            MtvemI  cdl£ ;  »,  caUillud  '-Mrtilujrinom  «ul«Un{i».                                 *^^l 
^V                Fia.  2-~OBteold   Sarconw  of   the   Mwnma  (Hem>it.-«<g|^H 

^K               y  320. ):  I,  H1<ind>r(s^e!'  within  ^tmcturua  r<-£H>n1<lin{-  medulkrj-  o«fl^H 

^1                                                               PLATE  ;g.                                              ^H 

^^1             wall ;  3,  ditfusD  Hg^rpgntiotlE  of  niu !(<-'(' elk  ;  4,  dvlicate  Ghrillur  liiUr- 

^H               FiQ.  2.— Polymorphocellular    Ssrconu    witli    Olant-cdls 
^H           from  the  Brala  (Cannin.     k  ?00.):  l,Sphen>id  cell<  with  vesk^ 
^^1           ular  nurki ;  2,  vtUit  with  giant  nuclei ;  3,  mullinuclcar  cells  ()pant- 

^H              which  leukucyCee  hav<^  peneLrated.                                                            ^^| 

^B           vascularized  from  the  sarcoma-tissue  and  enlarge  by  seiuii^^l 
^B          ing  out  vascular  buds  aud  c^ll-cords  into  the  snrmtindln^ 
^H          tissue  in  such  a  way  as  to  form  a  etnicture  resembling 
^H         medullary   cavities.     The    lacuna    ia   the   cartilage  are 
^V          opened  and  become  filled  with  cells,  or  the  <vlls  within 
^m           the  cartilage-cavities,  which  have  already  undergone  pro- 
^1            liferation,  mingle  with  the  sarcoma  elements.     Quite  fre- 

■  quently  the  cartilaginous  portion  of  tliesc  tumors  nnder- 
H           goes  partial   calcification.     This    begin.'!   usually   in    the 
H            capsules  of  the  cartilage-cells,  where  eirenlar  calcnreous 
^1            deposits  are  formed  which  suhsetiuently  extend  into  the 
^H            ground-substance  and  present  ja^^ed  arms   bounded  by 
^1            irregular  outlines.      As   in   a  simple   chondroma,  so    in 

^1            mucoid  change  and  the  formation  of  mvxomatous  areaFi, 

■  or  even  more  advanced  stages  of  softening  with  the  pro- 
^B           duction  of  cystic  cavities,  may  tjike  place. 

^B               Sarcoma  cbanicterixed  by  tlie  simultaneous  development 
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this  term  is  also  often  useii  improperly,  and  it  is  importiitit 
to  distinguish  between  u  great  muiiy  possibilitieis.  Jii  the 
first  place,  not  every  saruiiua  lliat  has  it?  origiu  in  bone 
may  be  labelled  an  oatiHisar«)ni(i.  The  pcriostouiu  fn^ 
qiiently  gives  rise  to  a  ftpiudle-cell  or  sometimes  a  round- 
cell  sarcoma,  which,  an  it  enlarges,  of  oourHe  exerts  a 
destructive  influence  on  the  buiie-substance  and  gradually 
brings  about — in  a  manner  more  fully  desoribed  later — 
solution  aud  removal  of  the  l>onc.  HeDce  these  tumors 
at  different  stages  of  their  development  possess  more  or 
less  abundant  massoi  of  bone  which  represent  their  stroma, 
and  which  arefundi^bed  bv  the  tissue  immediately  contiguous 
to  the  part  of  origiu.  These  masses  of  Ixiue  an-  gradually 
(Hjnsmned  and  ultimately  disapiiear  altogether.  Again, 
metastatic  nodules  derived  from  sarcoma  that  has  devel- 
ojted  in  some  of  the  soft  partu  may  nach  the  bone  and 
continue  to  giMW  witlun  the  l>one  ;  liiit  it  obviously  would 
.be  altogether  improper  to  de.siguatc  hucIi  a  tumor  osteo- 
sarcoma, as  is  sometimes  erroneously  done.  8uch  a  tumor 
is  not  an  osteosarcoma,  hut  a  "sareoma  of  Intne."  Duriug 
the  growth  of  such  tumors  within  the  Iwne  Inflammatory 
reaction  may  appear  in  association  with  oateophytio  pro- 
liferation and  the  formation  of  new  hone  ;  and  as  the  de- 
velopment of  the  latter  is  oftrn  abundant  and  contributes 
materially  to  the  increase  of  the  tumor-mass,  it  may.  in  & 
given  case,  be  exueedingly  difficult,  if  not  impossible,  in 
a  single  preparation,  to  decide  the  question  whether  the 
osseous  new  formation  is  to  )>e  regarde<1  as  an  inflam- 
matory proliferation  of  the  preexisting  bone  or  a  product 
of  the  tumor  itself. 

It  has  been  shown  (under  Osteoma  and  Fibroma)  tliat 
true  ossification,  or  processes  extremely  similar  thereto, 
may  occur  in  different  hinds  of  connective-tissue  tumors. 
In  the  same  way  such  processes  may  estahlish  themselves 
in  sarcoma,  and  we  then  have,  as  a  parallel  to  ossifying 
fibroma,  Ofatfying  aarrmiut.  The  development  of  bone- 
Bitlistance  in  such  tumors  is  often  <lefeit;ve  in  a  great 
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FIGURE  XXI. 
Ossitylns  Sarcoma  ol  the  Jhw  (  ■  TO.):  1,  Cellakr  tunu 

tihSUf,  oniisiiiting  jjriiitijwllj  ■i('n>iriiili'-slmp«l  .■U-iiir.-nU  ;   2,  bono-t 
Plmiiv  ivitli  slelliiti-  Ipuiiimi'II- ;  3,  mws  i>l' .leWobluJls  ;  1,   giant-rafl 

FIGURE   XXII. 
LymphosarcoiDB  of  tbe  loguitMl  Lymph-glauds  {Rcrcnlti 

biiluti-a  I'db.      >.  3U0.):   I,  Siimll  n'iiiid-(.'<-lU ;  2.  lari;i- 
with  un   nbunduocfl  uf  prut»|)1iiHm  i  8,  fat-cmi Mining  celU; 

FIGURE  XXlll. 
Muttlple  Myeloma  from  the  Ribs  (Frrwhl;  Itolated  ( 

«    RflO, ):   Liirgi'   i'<.iiii<I  titid  juavgntml  colls,  witli  onn  to  two  lnicl<i| 


>riK  lliWM, 


a  liumnf^neous,  glmtening  mafln,  <]mtnl>ule<)  in  trabecuWl 
mid  retiform  stnictureR,  and  <!ont»iniiig  only  a  few  buiv 
viviirs  of  the  celiti  whidi  had  originally  o(X!U|iied  the 
8])ac(?s;  tlieeo  are  iisiially  clongatpd  and  Bpindlo-sbapiHl 
(Piute  58,  Fip.  2).  .Sometimt*  thew?  eells  liave  a  more 
irregular  milline,  or  tliov  may  esliibit  lateral,  deliunte, 
tibrillar  prdoesms,  by  means  of  wliicti  they  may  even  an- 
a8tomlts<^  with  one  another.  While,  therefore,  the  cells 
|K»sscss  the  gretitest  similarity  to  genuine  bone-corpiisclee 
the  rorrespimding  development  of  gniund-t^uhxtance  i 
missed.  The  characteristic  hiniellation  and  oilcifioRlJa 
never  take  place,  and  the  suhstiinee  resembles  more  t|| 
matrix  of  cartilage.  Theee  tnmors  are  designated  sare 
nHlfoiflen.  As  the  cellnlar  islands  oconpytng  the  »p 
belween  the  spongioid  trabreula-  of  osteoi<l  sarcoma  a 
frequently  well  supplied  with  bhM>d-veescls,  they  ] 
the  greiUest  fiimilanty  to  cellnlar  medullary  spact*. 
tim«w  the  neleoid  substance  )>n<sc'nls  a  fibruiis  struct 
with  long,  delicate  fibers,  csfK-cially  at  the  «igcs,  tind  ii 
vidnnl  cells  that  have  cseajxHi  fnim  the  geiienil  a 
the  tnmor-purenchj'ma  are  sometimes  si'en  ini 
within  the  osteoid  substanet'  (Plate  ■'if^.  Fig.  2). 

When  the  nstwid  wihstanee  nndergix-s  secondary  c 
ficatioii,  the  first  Ae\ws\\.&  o^  tM^cvvna,  mMaVVj  \a.ls«  qU 
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SARCOMA. 

uruund  the  cells,  ami  from  llierc  spread  further  ioto  thi 
intercellular    siilwtaiice.     The    tiimilurity  to   true   boni 
tissue   thus   becomes   even    more   striking,  although 
lamellar  arrangement  i^  lacking. 

The  formation  of  true  bone-stibstonce  is  seen  exclusivel; 
in  those  tumors  which  have  tbt-ir  origin  in  the  osteogenel 
matrix  of  the  skeleton  itself.  These  repre^nt  a  combin* 
form,  the  (rue  '■  osteoaarcoma."  Depending  upon  the  seat 
from  whieh  the  tumor  springs,  usleosiircomuta  are  dis- 
tinguished as  perioaUal,  mj/ehf/enoua,  and  eeniral.  Thcjr 
are  characterized  by  the  gimultaneous  production  of  a 
great  variety  of  cells  and  a  variable  quantity  of  true  bone^ 
usually  arranged  like  spongy  bone. 

Owing  to  trie  exceedingly  destructive  character  of  these 
tumors,  the  preexisting  Iwne  is  destroyed,  and  accordingly 
we  here  meet  side  by  side  the  phenomena  of  boiie-destruo- 
tion  and  bone-formation,  processes  whicli  usually  follow  a 
definite  type,  resembling  the  jihysiologic,  and  which  are 
interesting  in  more  respects  than  one. 

If  the  new  formation  begins  in  the  periosteum,  the 
inner,  so-colled  germinal  layer,  ig  almost  always  involved ; 
the  cells  in  this  case  consist  chiefly  of  lai^  spindle-cclls 
with  which  giant-cells  are  associated  in  varying  numbers. 
The  gmwth  takes  place  in  two  directions :  outwardly, 
with  the  production  of  cellular  masses  and  the  appositioi 
of  bone-trabeculffi,  and  inwardly,  toward  the  bone. 

In  the  first  zone  are  seen  epithelioid  gmups,  arrangett' 
in  rows,  proceeding  from  the  proliferating  cells;  these 
secrete  about  them  a  calcifying,  osseous  ground-sub- 
stance, and  accordingly  fulfil  the  functions  of  true  osteo- 
blasts. As  in  the  ease  of  physiologic  osteogenesis,  these 
epithelioid  cells  later  become  included  in  the  lamellar  sys- 
tems that  are  formed  and  converted  into  bone-corpuscles 
with  processes  (Fig.  XXI,).  Absorption  of  the  old  bone 
is  effected  throngn  the  agency  of  giant-cells  acting  as 
osteoclasts,  which  cnuse  a  lacunar  absorption — the  forma- 
tion of  Howship's  lacuna?;  by  cleavage  of  the  bone-6ul>- 
...tt.-niri:  iielween  llie  iilirilp,  pniihirinjr  von  Roi-kl'     '  *^ 
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atlltxl  perforating  canals,  vasculiir  cords  of  sarcoma-odlsl 
growing  into  the  bone-substance,  and,  s>i  to  gpoak,  i-amuntfl 
anger-holes  in  the  substance.  In  this  way  the  cortex  is  I 
broken  up  gradually.  The  tumor  penetrates  the  medullary  I 
cavity,  where  it  continues  to  grow  in  exactly  the  samel 
way  as  outside  of  the  corticnl  lamella — t.  e.,  with  the  pro- 1 
ductioa  of  cells,  which  infiltrate  the  medullary  cavity,] 
Bud  the  new  formation  of  lioiie-Crabeoultf,  at  the  samel 
time  that  the  original  spongy  wmstituents  of  the  medul-l 
lary  cavity  are  removed.  In  the  myelogenous  Dsteo-I 
sarcoma  the  order  of  growth  is  exactly  the  reverse.  Th&l 
cortex  is  destroyed  from  wiliiin,  while  on  the  outside  of  | 
the  Iwne  a  new  cortical  layer  is  produced  in  the  form  of  a\ 
thin,  [tarchment-like,  continuous  shell  of  bone.  The  latterl 
often  simulates  a  cortex  distended  by  extensive  growth  ;■ 
it  has,  however,  nothing  in  iTfinimon  witli  the  cortex,  being  I 
formed  long  after  the  irortex  itself  has  been  destn>yed  by  I 
processes  outside  of  the  true  tumor  mass.  As  a  rule,  it  1 
iloes  not  sufficiently  resist  the  destructive  procesiies  audi 
later  breaks  down,  and,  with  it,  iu  the  caise  of  long  bones,  I 
disap]>ears;  the  last  external  iiarrier  and  the  tumor-celltl 
now  spread  outward  without  resistance.  I 

The  specific  tnmors  of  the  skeletal  system  include  thft-1 
so-called  multiple  myeloma.  This  neoplasm  originates  io.'^ 
bone-murrfiw,  and,  to  be  more  particular,  exclusively  frotafl 
the  red  niarriiw  of  the  ribji,  vertebras,  or  fiat  bones  of  iheS 
skidl;  it  is  noteworthy  chiefly  from  the  fact  that  it  igl 
almost  always  multiple,  aud  appears  in  a  number  of  bones  V 
at  the  same  time.  The  marrow  ia  convertetl  into  a  soft,! 
pulpy,  grayish-red  or  dark-red  mass.  The  spongy  por-,fl 
tion,  as  well  as  the  cortical  lamellie  of  the  aflectea  p&rt8'l 
of  the  skeleton,  are  absorbed,  but  the  ttmior  almost  never! 
extends  beyond  the  periosteum,  and  melasilasis  has  not 
l)een  observe<l,  [Herrick  and  Hokli>en  have  described  &4 
case  with  metastases  in  the  ovaries. — Ed.1  On  mtoivJ 
Rcopic  examination  large  masses  of  round  cells,  presenttiig'fl 
(he  character  of  lymphosarcoma  or  large,  spheric,  ceil^ 
rip/i  in  protoplasm,  and  co^wa™™^  (>vie  ut  more  oftei 
sevenil  vesicular  n«c\e\,ate  ttevraWi'  fown.4.    "^X-iaa tsjift 


recent  limes  ouilliple  nijelonia  liiis  liei-u  ri'garded  as  a 
letikeDiic  iynifiliumu.  [A  certuiii  degree  of  albumosuria 
16  characteristic  of  niyelonia. — Ei>.]  The  preparation 
shown  in  Fig.  XXIII.  is  taken  i'rom  a  ease  of  multiple 
myeloma  of  ihe  ribs  un  tiie  right  side  of  the  liody,  which 
develi>iKtl  alU-r  an  injury.  [8<mie  of  the  cells  in  myeloma 
may  resemble  ]ihiMma-eells. — En.] 

Melanosarcoma. — A  sarcoma  wliich   has   its  origin  in 
proliferation  of  pigmented  coDnective-tJeaue 'cells  is  rlesig- 
nat«d  a  melanotic  sarcoma  or  melanosarcoma.     Aa,  how- 
I  ever,    pigmentwl    connective-tissue   cells   are   found   ex- 
clusively in  the  skill  and  in  tlie  eye,  the  primary  variety 
I  of  these  tumors  occurs  in  these  oi^ns.     By  metastasis, 
'  however,  tliey  may  appear  anywhere  in  the  body.    Indeed, 
it  may  be  said  that  melanosarcoma  is  the  tumor  which 
I   gives  rise  to  the  most  wide-spread  metastasis. 

In  tlie  skin  melanosaitromn  gturts  most  frequently  in 

I  situations  in  which  a  tumor-Hkc  change  with  multiplica- 

I   tion  of  the  normal  skin  pigment  is  already  present, — that 

is  to  sav,  in  the  so-called  mother-marks,  pigmented  warts, 

It  will,  therefore,  not  be  out  of  plac&  to  review 

once  more  the  histology  of  pigmented  ne\'i.     As  a  rule, 

they   consist   of  flat   elevations ;   more   rarely   of  small 

musli room-shaped  or  polypoid  tumors. 

Throughout  the  entire  nevus  the  epithelium  is  usually 

I  much  attenuated  in  comparison  with  that  of  the  surround- 

I  inga.     The  stratum  comeiim  is  well  preserved,  and  the 

cylindric  basement  cells  are  also  usually  demonstrable  in 

every  portion  of  the  entire  growth;   but  the  rete  Mal- 

f)ighii  is  extremely  atrophic  and  reduced  to  only  a  few 
ayers,  the  individual  cells  of  which  are  low  and  imper- 
fectly developed ;  while  the  intercellular  bridges  (spines 
and  ridges)  have  disappeared  altogether.  The  cause  of 
thia  atrophy  is  discovere<l  in  the  extraordinary  elongation 
and  lateral  enlargement  of  the  jiapillary  body.  The  en- 
larged papillie  appear  as  broad  cones  of  tissue  with  an 
extensive  base,  and  they  are  exceedingly  rich  in  cells. 
They  push  the  epithelium  Wfore  them,  and,  by  distending 
'it,  cause   its  attenuatiun.      The  interpapiltary  epitlieliu 


FIGURE  XXIV. 
Pigmented  Nevus  from  the  Skin  of  the  Breast  of  ■  Newly 
Born  Infant  (-  O'j.):  1,  Slmtmu  wrncuni ;  a,  Mulfugliiun  Ui-r. 
IliiUruii'd  liv  |.n'>juru  ;  a,  cpilliulial  plugs  r-j lendi iii;  iiit"  llic  rlqiitis  «r 
the  fcm:  i  4,  [H'urle  i<{  liurtiir' ppillicliuiii ;  5,  iiiiii-|HgmciiUxl  ui 
of  uiH.'ttUni  iievU£-cvlls ;  ti,  tiuvus-m'IIb  t'unluiiiiii);  nn  aLunduiiv 
pi^monl;  7,  pHpillury  l>odiea. 

plugs  are  also  markedly  IiivoIvhI.  Tlicy  are  < 
laterally  by  the  proliferated  pjijiillie  and  ulleii  imioh  ii 
creased  in  loDgtli,  being  drawn  out  intu  long,  ridge-Iikt 
villous  projections  extending  deeply  into  the  enriurn.  I 
tile  aame  time  the  interiMipillary,  homy  luyer  i^,(if  enura 
deprcesi'd  into  the  ileptlis  of  the  tissue  and  ei>viT 
and  there  by  the  mucous  layer,  thus  presenling  v 
horny  pearls  (Fig,  XXIV.),  such  as  are  observed  in  otli 
proliferative  processes  wlueh  originate  either  in  the  el 
theliura  or  in  the  pupillary  Ixidy.  Quite  frequently  tl 
oonnectiou  between  the  prolifernting  n<lges  and  septa  in 
the  depths  of  the  tis.sue  and  the  »urfaee  epithelium  is 
interrupted  at  (tertuin  jiotnts,  ^  that  in  some  seetions 
masses  of  epithelial  eells  are  found  isolated  in  the  dec 
layers;  although,  if  serial  sections  are  made  at  f 
definite  point,  it  is  usually  seen  that  these  islands  < 
municate  with  the  super^cial  epithelium  by  cell-c 
dipping  down  from  the  surface.  The  cells  in  the  \ 
liferated  papillary  body  consist  chiefly  of  spheroid  i 
iHiIygonal  elements,  exhibiting  a  variable  amount  of  gniJ 
hir  or  fibrillar  intercellular  substance  and  compressed  t 
the  fibrous  tissue  into  alveolar  a^regatitms.  The  origin 
of  these  cells  has  been  the  subject  of  much  lively  discus- 
sion. Because  an  apparent  connection  is  sometimes  ob^^ 
served  between  the  alveoli  an^l  epitheliiil  ridges  extendig 
into  the  tissue,  or  with  displaced  epithelial  islands,  titi 
cells,  which,  for  the  sake  of  brevity,  we  will  simply  e 
"nevus-eells,"  have  been  n^rdcd  by  many  authors 
{Unna  and  his  Beho<tl)  as  epithelial  derivative^i.  Their 
shape,  at  all  event<*,  does  not  negative  this  view ;  but  we 
have  often  seen  that  the  shape  of  cells  affords  I 
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information  aUmt  tlieir  origin  and  identity.     Moreover,  it 

niivit  [xiwsibio  in  tlic^e  tiiiiiors  (ii  di'inunstrutc  at  tlie 

of  iW   lllvroli  11  .lilTrl    .■..i.-inlio,,  „f  ,1„.  kr^f  cells 

conbiincil  in  ilicin  Willi  MiiCiMiiiilln-    IiIht.-  :inil  wltli  tlcli- 

cate,  w|iiiKllL-.-li;iiHil,i'i i.rliM-ii--(ii-  .■.■il-,iltii.-  iiiilit-atiug 

tliat  tlu-  hipy  .r!U  [ri<Aii.--.-,ll>.--i-:]..]  I.eii.ng  to  wlk  nf 
the  corium,  Down  lowiinl  llic-  ti.-rtiif  of  tin.'  cutis  si  direct 
transition  of  tlif  i-imti'iits  i-l'ilii.'  iilvculi  into  dense,  diS'iBe, 
GclUilnr  aw^nniiiluiioii  at  llic  di'i'iicst  jMirtion  of  tlie  en- 
iaiwd  papilliG  is  not  infieqnenllv  obwrvctl.  The  neviiH- 
CL'lls,  altliougli  arranged  in  alvt^ili,  are  tn  l>e  regurdtxl  a^ 
connective-tissue  cflly.  It  may  be  mentioned  that  many 
authoni  believe  they  originate  in  endothelial  elements  of 
the  blood-  or  lymph- vessels. 

Pigment  may  be  pi-esenl  in  variable  (jaantities  in  till 
the  oon»tituents  of  the  nevua.  Almost  always  the  attenu- 
ated and  atrophie  epithelium  shows  deeper  pigmentation 
than  the  surrounding  tissue;  the  celii^  of  the  cylindriu 
basement  layer  especially  are  usually  overloaded  with 
brown  pigment-granules,  nmeli  aa  in  Addison's  disease 
(oom])are  Plate  20,  Fig.  2).  The  true  nevus-€ellfl,  however, 
are  the  chief  deposits  of  pigment,  bnt  the  distrihiilion  in 
extremely  irr^ular.  While  some  alveoli  contain  nothing 
but  darkly  pigmented  cells,  others  in  immediate  ap|>o?itinn 
may  be  entirely  free  from  pigment,  or  (he  wmie  atveohls 
may  contain,  in  addition  to  a  few  sbsnlulelv  bniwn  or 
almost  blaek  cells,  a  preponderating  ntimber  of  nnpig- 
mented  cells.  The  loc^l  distribution  of  the  pigment  is 
also  (juite  variable,  it  being  sometimes  more  abundant  in  the 
Hpper  and  sometimes  in  the  deeper  layers.  In  addition, 
pigment  is  almost  always  found  swittered  throughout  the 
Blronia,  where  it  is  usually  imbedded  in  spindte-shape<!  or 
stellate  connective- tissue  cells,  such  as  are  seen  normally 
in  cases  of  deep  pigmentation  of  the  skin  and  are  known 
as  chromninphores.  These  oells  can  lie  traeed  far  down 
among  the  dense  connective-tissue  6bers  of  the  subjacent 
tissue  (compare  Plate  21,  Fig.  2,  under  Pigment). 

With  slight  deviations  the  cufanenus  mefanoearcoma,  at 
least  in  its  initial  stages,  e.'ihibits  practioilly  tlie  same  pic- 
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PLATE  60. 
—Melanosarconuof  tbe  Skio  (Hemai-cnRln. 

iiU  Willi  c^iiiicnhut  ttullencit  [>H|HlUt;^-  bod.v ;  3,  ihiokencil 
alraiiils  of  intensely  |)igmen(ed,   Hlcllutu  uulls   (i-hninialri' 

-MelanosarcomaofUieChorold(Hemat.-eosin.  >30().)! 
'tll>  ;  2,  VHBL'uW  Fpui'i^  ;  -t,  inu?n£ely  pignientM]  cpindle- 


PLATE  6i. 

Fia.  1.— Freshly  tsolated  C«ll8  from  a  Metastatic  Melano* 
sarcoma  of  the  Peritoneum.    ;  L)Hhk  Hw^m  .ii'  Pinujiiii  <■!'  V«r_v- 

Fio.  :^.— Cells  from  a  Metastatic  Melanosarcoma  of  Bone- 

(Freshly  IstiluV'.l,       »    2W0.)— Itirliiicl  iljruriiiili.iiiion.'  rhnr- 


Flu.  3.— Freshly  Isolateil  Qlomeruli  from  the  Kidney  In 
Universal  Melanosarcomatosis  (  ■  •JWi,).— TliegrfaUT  ik.ni.m  ..f 
lliB  vascular  Ihmji.  lillid  iviili  mi'liinniic  jiiftTnt-nt. 

Fig.   4.— Metastatic    Melanosarcoma   of  the   Peritoneum 

(HcmaL-eosin.      y   320.):   1,   Nt*ts  of  dnrkly  pigmeiilwl  jioh'goiiiil 
cell» ;  2,  cross^ecUon  of  veaeU 


lures.  Tlie  true  tumor-parenchyma  woeists  of  polyraop- 
phous  cells  which  rlosely  resemble  the  above-deHcribed 
"  nevus-celin,"  not  only  in  appt-arance,  hut  also  as  regards 
their  position  and  arran figment,  Tliey  consist  of  lai^ 
spindle-cvlla  with  a  few  spheniid  nud  i»lygonal  elements ; 
occasional  pant-cells  may  also  bo  scattered  among  them. 
The  pigmentation  in  the  tnmcir  is  alw  extremely  irregular 
and  distributed  in  patches. 

At  first  the  pigment  is  exclusively  intraeellular,  in  the 
form  of  exce«lingly  minute,  ilust-lik'c  granules,  or  lai^, 
n>und  or  irregular  clumps.  The  color  varies  from  bright 
yellnwish^^reen  to  the  darkest  shade  of  brownish  black. 
The  cells  may  Ik-  ho  heavily  loaded  that  the  pigment 
obscures  both  the  protoplasm  and  the  nucleus,  or  only  a 
few  scattered  particles  may  be  dopositcil  in  a  cell,  or  Uie 
nucleun  at  first  appears  to  escape  and  pigtnent^ninulea 
occupy  the  |teriphery  of  the  cell  in  the  form  of  a  wreath. 
Sometimes    irregular    branching    strands  or  linear  j 
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^F  M>iiidle-shapcd  acciimulntioiie  of  pigaieiitLtl  cells  are 
foiiiKl  at  some  distance  from  larger  aggr^;ations  uf  pig- 
mented cells  in  the  curium  and  ii>  the  cutis  (Plate  60, 
Fig.  1).  The  ginaller  of  thetie  accumulations  give  the 
impression  of  being  Ijniph-clefts  filled  wilh  pigment- 
cells,  and  It  ii^  possible  tliat  the  larger  titrandy  have  been 
pr&duced  in  the  same  way,  with  secondary  dilatation  of 
the  lymph -channels  and  infiltration  of  their  walls  with 
pigmented  tumor-cells.  Certain  relations  with  the  blood- 
vessels may  also  be  discernible,  some  of  tlie  smaller 
arterial  or  venous  branches,  or  sometimes  capillaries, 
being  completely  envelopal  by  a  cylindric  mantle  com- 
posed of  pigments-containing  cells.  Wherever  the  cells 
are  more  isolated,  they  exhibit  a  stellate  shape  or  they 
may  be  ovoidal,  provided  with  several  brancning  proc- 
esses, which  occasionally  form  extremely  delicate  struct- 
ures that  exhibit  the  greatest  resemblance  to  so-called 
chromatophore  figures  {Plate  60,  Fig.  2 ;  Plato  61,  Fig. 
3).  Owing  to  the  similarity  of  the  tumor-cells  to  epithe- 
lial cells,  already  referred  to  in  connection  with  pigmented 
nevi,  and  their  "  epithelioid  "  grouping,  these  tumors  were 
formerly  thought  to  be  derived  from  pigmented  cutaneous 
epithelium  and  accordingly  were  designated  mdano- 
aardnomn;  but  in  this  case  also  intercellular  stibstaoce 
and  connection  with  the  surrounding  stroma  can  fre- 
quently be  demonstrated. 

The  melanotic  sarcoma  of  the  eyeball  grows  from  the 
pigmentary  layer  of  the  choroid.  Here  again,  as  in  the 
case  of  the  pigment-containing  basal  layer  of  the  epiderra, 
the  pigmented  epithelium  of  the  retina  always  escapes. 
Usually  the  tumor  manifests  itself  as  a  spindle-cell 
ircoma  (Plate  60,  Fig.  2).  The  individual  cells  are 
irly  large  structures,  rich  in  protoplasm,  frequently 
iresentiiig  a  typical  perivascular  arrangement,  ol'ten  im- 
mediately contiguous  with  the  endothelium  of  the  vas- 
cular tubes.  Here  again  the  pigmentation  is  usually  not 
uniform.  Side  by  side  with  cells  entirely  void  of  pig- 
ment others  are  found  in  which  the  cellular  shape  can  \k 
recognized  only  by  tin'  outlines  of  the  pjgment^masses : 
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lJi«  nuclei  alsw  may  be  completely  obiwiired  by  t 
ant-e  of  pigiiicniary  de]»0Hit,  ur  the  gniniiles  may  be  mora 
cimcentratcd  at  llie  two  jwles  of  llie  spindle:?,  while  the 
mtflear  center  uf  the  cell-body  <iuiitains  but  fexv  pigment- 
granules  or  none  at  all.  The  color  of  the  pigmenl-gran- 
ults  is  usually  yellowish  l>n)Wtt ;  much  less  frenuently 
dark  brown,  like  that  in  the  skiu.  Sometitiies  branching, 
atellate  elements  are  found  along  with  the  spiudle-sbapca 
cells,  and  by  their  shajHi  fiuggest  normal  cbromatophoi 
Transverae  Bections  of  the  Hpindlep  may  simulate  r 
cells. 

The  enormous  metastatic  distribution  of  }iigmenta 
sarcoma  in  the  body  is  a  well-known  plunonicnun.  Tliere 
is  hardly  an  organ  in  the  body  that  may  not  Im;  attaokwl 
by  this  metastasis,  and  sometimes  the  distribution  may  be 
so  universal  as  to  compel  the  conclusion  that  there  has 
been  a  complete  inundation  wilh  tumor-cells.  Here  agnin 
the  distribution  of  the  pigment  is  most  variable  and 
remarkable.  Sometimes  the  pigment  is  disseminated  as 
such  in  the  body,  and  is  deposited  in  the  intima  of  the 
blood-vessels,  where  it  prtxluera  circumscribed  brownish 
macules  or  a  diffuse  discoloration ;  or  the  pigment  may 
be  deposited  in  large  masses  in  the  kidneys,  so  that  the 
epithelium  of  the  convoluted  and  straight  uriniferous 
tubules  becomes  diffusely  infiltrated  (see  Aflns  of  Sptdal 
Pathologk  Ilalolot/tj,  Vol,  II.,  Plate  80),  In  such  cascB 
it  also  appears  in  the  urine  (melanuria),  and  causes  a  dirty, 
brownish-gray  discoloration  of  this  fluid.  The  glomeruli 
sometimes  appear  to  be  densely  packed  with  pigment,  and 
the  iDdividiial  vascular  loops  are  stuffed  full  of  pigment- 
thrombi  in  the  form  of  dark-brown,  sausage-shaped  bodies. 
Bowman's  capsules  are  also  similarly  filhtl. 

Quite  frequently  the  spleen  and  Ixme-marrow  are 
flooded  with  melastatte  pigment  or  oecupieil  by  tumor- 
masses.  In  the  metastatic  growths  the  original  rhanicter 
of  the  tumor-cells  is  often  (juitc  well  preserved.  Thus 
Fig.  2  in  Plate  61  represents  isolated  cells  from  metastatic 
growths  in  the  bone-marrow,  in  which  chroma tophores 
witli  processes  are  distinctly  visible. 


Ohloroma  is  a  tumor  wliii-fa  belong)^  to  the  same  family 
as  melanosarcoma.  It  usually  grows  from  the  periosteum 
(crauial  bones,  ribs,  vertebra)  (Risel)  or  from  the  bone- 
marrow,  and  is  distinguished  by  a  characteristic  green 
pigmentation  of  its  parenchyma.  The  pigmentation  is 
most  distinct  in  perfectly  fresh  specimens,  and  gradually 
fades  on  exposure  to  the  air,  usually  disappearing  alto- 
gether in  preserved  specimens.  The  tumor  consists,  in 
the  main,  of  mononuclear,  usually  spheroid,  cells,  after 
the  type  of  lymphocytes;  si')metime5  multinuclear  rounil- 
cells  and  cells  with  a  greater  abundance  of  protoplasm 
occur.  On  account  of  this  structural  peculiarity  the  neo- 
plasm has  been  ctmipared  to  lymphosarcoma  (Von  Reck- 
linghansen).  The  mode  of  origin  of  the  pigment  is  not 
clear;  while  a  good  many  authors  n^rd  it  as  a  parenchy- 
matous pigment,  others  explain  it  as  altered  blood-pigment 
on  the  ground  that  lliis  form  of  tnmor  i.s  frequently  oIh 
eerved  in  association  with  diseases  of  the  blood  and  of  the 
blood-forming  apparatus,  with  diminution  in  the  numWr 
of  red  blood-cells  and  in  the  [»ercentage  of  hemoglobin. 
p)ock  in  particular  has  studied  its  relations  to  leukemia. — 
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^^P  The  t«rm  epithelial  neupWiuij  is  apnllLtl  Ui  tiimorB  ttte 

^^B  histolt^ic  character  of  which  is  nuittntjly  itifliiem-ed  hy 

^H^  the  partioipation  of  cpitheliiil  tissue  in  the  }>ri>lifcrniioii. 

Wr  Sinoo,  liowevcr,  siniple  cpitholiuni  is  always  ii  i>eriphuble 

PH  formntioD  requiring  for  its  existeoce  a  i-t^rtniii  (pumtity  of 

M  sapportive  subHiaiicc,  and  fur  its  iiulritiuu  ii  cortaiii  pro- 

7  portion  of  Ijlootl-vt-ssels,  it  is  evident  that  a  jmrt-ly  epithe- 

lial tiimor — ^that  is,  tiiie  coDiposi>d  exclusively  of  newly 
formed  epithelium — is  an  impossibility,  and,  aecordiugly, 
when  we  spenk  of  an  epithelial  neoplasm,  wc  neeessirily 
mean  a  combination  of  epithelium  and  a  variable  quantity 
of  vascular  connective  tissue.  A  wdl-mnrketl  stroma  is 
present,  which  contrasts  sliaqjly  with  tlie  tnmor-puren- 
chyma  formed  fn:)m  the  proliferation  of  epiiheliiim  ;  hcucc 
these  tumors,  on  account  of  their  rewaiblancn  to  oi^ims 
composed  of  different  tissues,  have  been  ca!le<l  "iganold 
tumom,  hi  contradistinction  to  the  histoid  tumors,  which 
consist  of  a  single  kind  of  tissue.  But  it  has  already  been 
pointed  out,  in  the  discussion  of  connective-tissue  tumors, 
that  this  distinction  cnnnot  always  be  strictly  observed. 
For  in  many  kinds  of  sarcoma  the  simultaneous  dcveJop- 
ment  of  a  true  proliferating  tumor-mass  and  of  a  sup- 
portive tissue  is  quite  evident,  and  the  distinetion  l>etweeo 
the  parenchyma  and  the  stnjma  is  the  more  evident  the 
greater  the  differentiation  f)f  ihe  actual  tumor-tissue  from 
the  character  of  simple,  fibrous  connective  tissue.  Biit 
this  division  into  tumor-parenchyma  and  stroma  in  tlie 
case  of  connective-tissue  tnmors  is  justified  solely  by  the 
morphologic  facts.  The  cells  of  the  Rv-eallcd'  turoop- 
parenchyma,  it  is  true,  present  but  little  similarity  to 
genuine  connective-tissue  cells;  but,  so  far  as  their  origin 
is  concerned,  they,  nevertheless,  represent  derivatlveB  of 
the  mesenehyma  just  like  the  elements  of  the  stroma.  Id 
the  epithelial  tumors,  on  the  other  hand,  the  division  t 
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i  tumor-parenchyma  and   stroma   js  justifiable  on  genetic 

grounds,  for  the  ibrmer  is  alwayfl  iwutributed  by  gcrma 
likt  are  not  derived  Crom  the  meaenchyma. 
The  distril)ution  of  connective  and  epithelial  tissue  is 
I  without  uniformity  or  r»^ularity.     When  the  two  compo- 
nents tuke  an  equal  purt  in  the  building-uji  of  the  tumor, 
in  (be  histolt^ic  structure  of  normal  or^nB,-und  the 
development  of  the   tumor  therefore  dejwnda  materially 
upon  connective-tiissue  growth,  a  so-called  fibni-i'iiithelial 
tumor  re^tdts  which   in  its  structure  rcpro<luccg  normal 
components   of   the   body.     KpitheliuMi   and   connective 
tissue  in  these  tumors  preserve  the  intimate  coritsict  which 
L  enables  them  to  take  part  in  the  building-up  of  organs. 
"■  On  the  other  hand,  the  epithelium  may  pii>liferato  quite 
indqwudtntly  of  the  connective  tissue,  and   thus  set  its 
nuirk  iiiMiii  iLe  neoplasm  by  penetrating  in  an  irn^ular 
and  atyp!r:il   iiiannor  into  the  snrroundhig  tissue.     It  is 
obvious  that,  fur  its  continued  exisfcnec,  the  epithelium 
r  requires   a   certain   amount  of  vascular  supportive  sub- 
I  stance;  in   fact,  the  development  of  .the  latter  may  be 
quite  well  markdl ;  the  chanicter  of  the  tumor,  however, 
18  not  determini-d  by  the  quantity  of  epithelial  or  con- 
nective tissue  that  takes  part  in  its  formation,  but  by  the 
relation  of  the  former  U>  its  surroundings,  as  compared 
with  norma!  rpitliclial  strncturps.     Those  histoid  tumors, 
1  in  iviiiili  llii'  rpitheliiim,  accompanied  by  a  variable  quan- 
c  tis,«Uf,  invadi-s  tiic  neighWring  tissues 
Tianncr  and  presents  an  atypical  character 
pin   its  spatial   relations   to   other  tissues,  are  known  as 
arcinomata. 

Fib ro -epithelial  Tumors. 

Fibro-epithclial  tumors   may  take   their  origin   either 
■from  the  skin  and  nincoiis  numbmucs  or  from  glandular 
lirtructures.     In  both  cnses  coniliiiiation  tumors  result  which 
pri'sent  eiihrr  a  pupillary  stnu'tnri',  and  are  then  desig- 
nated jiiijiilliiiiiiiUi  or  /•'ifill'irii  r/iilhfiimmita,  or  they  may 
manifcsl    a  irkinihilar  sirucliiiv  and  represent  (ide^omata, 
"  '  >■  diluted  cystic  cav 
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PLATE  (So. 
Pin.    1.— Tubular  Adcnonu  of   the  Mannas 

X  m.):   1.  Collulnr  Lv.nnwU 
iHjtra  Iff  «-Il- in  llitir  lining. 

FiQ.  2.— Adenoma  Tubularc  Rbromatosum  of  tke 

(Hpnist-nniii.      >  8(l.j:   ),  Celular  niiiiiii.'iivi'  lJ«i>ut>i  2,  on 
gland  tubuliF,  sume  nf  tliem  iiiv«i;iiiDt«], 

eiich  tumors  contain,  paplllar)'  fUv:iiii>ii-  i.f  Limnwlive 
tissue  may  fiinii  M-cttiidarily  am!  |.ii-1l  ilic  <j)itli<'Uun) 
liefure  tlicni,  tnvugtniitiiig  the  sami-  iniu  iltr  luimii  di'  the 
cwvitiiw  iiml  lliiis  {ir<'<li)eing  a  mi-callcl  |i;iiiillary  iiileuciina. 

Papillary  Kpitbeliotna. — Tlio  iinpillui  y  epilhelionia, 
nr  iui|iillHtnii,  ilfrivr-  it-i  urijfiij  I'mni  jtriniary  priilifemtion 
iif  llie  |i!i|iill:ip_v  IhxIv  ur  ii(  llit'  suhnHiciiUf  tii^sue.  It  ifl 
imt  to  Ik'  ileiiiHl  thiit  ID  many  tuni<jrs  l>ol»Mgiiig  t»  thiti 
nitcgory  tlic  epithelial  tissue  k  m  nint-h  in  exeesa  that  it 
ai)pearH  In  i)lay  a  jiriniary  iwrt  in  the  gniwtli  id'  tlif  avn- 
j)Wni ;  Itiit  more  eaii-ful  investifpiliou  will  show  in  evtrr 
uise,  even  when  the  awiiniul:itii>ii  >>!'  <iiiiliehiim  is  mtuit 
voluuiinuue,  a  central  fninn-wuik  nl'  eunneetive-tissiie  sub- 
stance pn*enting  certain  dtfiniie  ehiiiigcs,  wi  that  it  must 
lie  <^()ne]ii(le(]  that  this  connective  tissue  unquestionably 
takei;  the  inttititive  in  the  formatjon  of  the  tumor.  In  tlte 
simplest  case  a  mere  plug  of  connective  tissue  is  fomwd, 
the  true  papillary  Iwdy  being  ahstent,  tir,  if  tlie  pnpills 
are  presetit,  tliey  1)eeome  eluugated.  The  papillw  may 
grow  out  to  iin  extraonlinarv  length,  ami  fitherwise  pre- 
Bcnt  many  variations  from  the  normal,  being  often  exceed- 
ingly liroad  or  branching,  or  jjosecBang  a  cluWhaped 
enlargement  at  their  apex ;  or  they  may  be  of  a  spirul 
shape  and  anastomose  with  one  another. 

In  everv  case  tliese  abnormal  |mpilliiry  formations  con- 
tain blood-vessels;  these  often  attain  an  extraordinary 
development,  and  form  a  veritable  network  which  throws 
the  accompnnying  connective  tissue  completely  into  the 
baekgriMind  (Plate  63,  Fig.  1).  This  explains  why  many 
tumors  lielongiiig  to  this  categrtry  possess  an  extraordinary 
tendency  to  ln^moiThage, 
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for  exauipk',  in  jMipillonia  of  the  urinary  liladder.  The 
epithelium  is  pushi'd  up  by  the  papillnmu  and  stimulated 
to  superficial  eiilurgcmc-ut  because  it  is  liircetl  t<>  follow  all 
the  ramlflcatiuna,  elongations,  and  laKral  enlui'gfuienta  of 
the  underlying  tissue.  But  it  may  itself  exhibit  many 
variations  in  its  development — from  a  simple  investment, 
consisting  of  a  single  laytT  of  cells,  to  ritruetiires  eumposed 
of  innnmerable  layers,  completely  filling  tlie  iuters]uiceH 
between  adjoining  papillis  or  their  brunelies,  and  this  in 
spite  of  many  cletVs  in  the  papillaiy  luxly,  thus  giving  llie  ( 
surface  an  ajiproximately  smooth  api>«iranec.  In  the 
latter  case  the  layers  of  epithelium  must,  of  eourae,  !« 
greatly  multiplied  as  cimpnred  willi  nornml  conditions. 
In  sections  the  histolf^ic  picture  often  simulates  an 
active  villous  encroachment  of  the  epitJielium  on  the 
underlying  connective  tissue;  hut  when  the  normal  level 
of  the  base  is  determined,  it  in  found  in  almost  every  case 
that  the  epithelium  in  Its  downward  growth  has  not  over- 
stepped the  physiologic  limit,  or  at  most  only  to  a  very 
insignificant  extent. 

The  most  frequent  site  for  the  development  of  these 
papillary  epitheliomata  is  the  skin,  where  these  struetures 
are  designated  warU  or  eemuxx.  The  common  peculiarity 
of  those  tnmois  is  a  local  liyperjilasia  of  the  papillary 
l>Miy,  which  may  attain  a  variable  dtgree.  It  may  either 
represent  elevations  in  the  form  of  a  trnncated  cone  with 
broad,  sestsile  base,  covered  with  epidermis,  which  is  little 
altered  or  merely  tliickenal,  and  thus  pnKlncing  flat  or 
spheric  warts  ;  or  the  mpillary  l)ody  may  Iw  extraordi- 
uarily  enlarged  and  exhd>it  slender  processes  which  often 
branch  at  the  ends ;  the  spaces  Iwtwcen  these  processes 
are  filled  with  epithelium  or  bridged  bv  ejtitliclial  cells 
(Plate  66,  Fig.  2).  If  the  epitliolium  oci-uplcs  the  entire 
extent  of  the  long-drawn-out  mpilla  from  the  base  to  the 
8iirfa<!e,  it  is  evident  that  the  layers  must  be  greatly  mul- 
tiplied. This  results  in  numerous  depressions,  wrinkles, 
and  cleft- form  at  ions  in  the  epithelial  tissue,  and  as  the 
individual  layers  generally  retain  their  histologic  character, 
concentrically  laminated  mn'^^^es  :irc  thus  proilnced  in  the 
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(lf()lh  of  ihe  tissue,  whidi  from  within  outward  j 
tht;  same  structure  ns  normal  epidermis  from  above  down- 
ward. Id  this  way  |>earl-like  Iwdies  may  be  jiroduct-d  in 
which  an  estraordiiiarj-  dovelupmeiil  of  the  coriiiitl  layer 
is  discernible.  The  latter  appear  in  the  form  of  pule, 
coDceiitricalty  striated  spliLTic  masoee,  whieh,  as  llie  result 
of  the  markwl  iuvagiiiatjoii,  may  ofteu  be  fuimd  as  far  down 
as  the  base  of  the  papillary  body.  As  tlie  hrniiebiiig  of 
the  papillary  body,  of  course,  occupies  every  plane  in 
space,  a  microscopic  section  will  often  show  circular  cross- 
sections  of  vascular  papillce  that  appear  to  l>c  surrounded 
on  all  sides  by  epithelium  (Plate  56,  Figs.  2  and  .3). 

Occasionally  the  thick  epithelial  layers,  especially  the 
desiccat«d  su])erlieiHl  liorny  hiyei-s,  are  broken  up  by 
numerous  fissnres;  any  slij;ht  truntuatiu  iutiuoiiee  may 
also  cause  a  luccratiou  of  the  dcrqwr  layers  and  of  ibo 
pupillary  body,  followed  by  the  invasion  of  inflammogenio 
monisms.  In  this  way  inflaminutory  phenomena  may 
appear  secondarily  in  the  proliferated  papillary  IkxIv;  in 
fact,  a  wart  may  nnderpo  actual  suppuration  and  the  epi- 
thelial layers  become  infi1trate<l  witn  masses  of  leukiicyi«ii. 
Sometime*  the  participation  of  the  individual  layers  of 
epithelium  is  unequal.  Above  a  more  or  less  distinctly 
marked  l)ase me i it-layer  there  may  be  an  enormous  tiniiti- 
plication  of  the  stratum  spinosum — the  prickh-cclls  and 
ridge-cells  of  the  Malpi^hiau  layer  (aemifhoma).  These 
cells  swell  up  until  they  form  ven,'  lar^e.  pale  structures. 
Sometimes  drops  of  fluid  collect  in  vacuoles  within  tlie 
cells  and  force  tlie  nucleus  toward  the  cell-wall,  where  it 
assumes  a  crescentic  shape.  The  stratum  comeum  is 
sometimes  sparingly  developed,  while  in  other  eases  an 
extraordinary  development  takes  place.  Thus,  the  retp 
Malpighii  may  be  very  low  and  tlio  horny  layer  spread 
nnt  over  it  in  the  fiirm  of  numemns  W!i\'v  layers,  repro- 
ducing the  shape  of  tlie  substratum.  In  this  way  an 
enormous  local  hyperplasia  of  the  homy  suhstanci-  may 
be  pnxhlced  {iehl'liyotic  akin  vurh],  which  may  often  he 
congenital  (Ziegler)  [ichtJiyonin. — Ed.]  ;  or  true  lioniy 
appendages  nf  (lie  ^km  are  fi-rnied  in  which  the  liorny 
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[  Substance  may  nttnin  the  tbicktiess  of  several  centimek'rs 

{cvianfoua  horn).      HietoltJgic  examination  with  Gram's 

method  usually  shows  the  ivhriipt  appearance  of  keratin 

'  globules  ill  the  ret«  Malpighii  and  simultaneous  coroifica- 

I  tiou  of  tile  superincumbent  layers.     Sometimes  the  papil- 

I  lary  body  in  these  tutaneoiis  horns  is  extraordinarily  long, 

suggesting   that   these  stmctupes  alw  have  their  origin 

I  primarily  in  proliferation  of  the  connective  tissue  of  the 

I  akin. 

In  many  eases  primary  inflammatory  changes  in  the 
^  corium  and  in  the  cutis  are  diBcoverablc  at  the  site  of  a 
[  papillary  epithelioniu.  An  example  of  this  is  found  in 
I  the  so-<klled  acumiiuded  condyloma,  which  occurs  prefer- 
ably in  chronio  catarrh  of  the  urethra,  vagina,  or  rectum, 
at  the  boundary  iK-tween  the  muc^tus  membrane  of  tliese 
organs  and  the  external  skin  (Plate  67,  Figs,  1,  2).  The 
papillary  body  often  exhibits  small-cell  infiltration.  In 
the  connective  tissue  embryonal  forms  of  cells  are  fre- 
quently seen ;  the  vessels  are  dilated,  and  often  contain 
numerous  leukocytes.  The  enormous  hypoplasia  of  the 
ppidermis  whicli  is  observe*!  in  these  formations  chiefly 
affects  the  rete  Malpighii,  while  the  horny  layer,  as  a  rule, 
is  only  sparingly  devclopetl.  Sometimes  the  epitheUura 
contains  accumulations  of  leukoc^-tes,  or  the  cells  are  in 
part  swollen  as  the  result  of  the  abundant  infiltration  with 
seruns  exudate,  or  ihcy  may  be  forced  apart. 

In  the  mucous  membrane  the  so-called  soft,  papillary 
epitheliomata  arc  more  frequent,  and,  here  again,  the 
boundary-line  between  tnie  autonomous  tumors  and  sec- 
ondary formations  on  a  chronic  inflammatory  base  is  diffi- 
cult to  determine,  as  the  latter  often  cause  a  local  hyjxr- 
plasia  of  the  connective  tissue  of  tlie  mucous  membrane 
with  secondary  bulging  of  the  epithelium.  In  this  way 
the  well-known  polypoid  structures  are  formwi  in  the  nose 
(Plate  4.3).  which  have  already  been  discussed  in  connec- 
tion with  fibrama.  In  these  tumors  also  proliferation  of 
the  epithelium  may  sometimes  take  place,  especially  pro- 
liferation of  the  ;;landular  epithelium,  which  is  elevated 
l^^^^itbtlie  surface  [pilhclium.     This  ^irolif^at^^fi^ 


314 


TUMORS. 


tiiv«iie  takct<  the  form  i>f  deep,  ^iiiuoiis  depressions 
variously  convolute<i  tubuliir  structures;  in  other  words, 
they  alao  present  a  sujierficial  ciilargemont,  often  win- 
bined  with  an  unusually  abundant  production  of  goblet- 
cells.  The  strutuu  of  these  tumors  is  gencralfy  soft  and 
succulent,  the  filwrs  are  forced  apart  by  eileinatous  tltiid, 
and  the  intercellular  substance  often  exhibits  true  niucuitl 
change,  demonstrable  with  acetic  acid,  while  the 
nective-tissne  cells  present  the  well-knowu  stellate  struct 
of  myxomatous  tissue  (Kig.  XI.).     The  stroma  coul 

an  abundance  of  leukocytes  and  often  luuneruus  roi     

cells  of  the  character  of  cosinopliile  c€Us,  lu  the  laryux 
and  in  the  tnu^hea,  as  well  as  iu  the  gostro-intestjnal  canal, 
excrescences  may  be  produced  in  this  way  which  are  due 
to  the  local  proliferation  uf  the  connective  tissue  iu  the 
mucous  membrane  and  are  accompanied  by  multipltciition 
and  superficial  enlargement  of  the  overlying  epitlielium, 
as  well  as  of  the  glandular  portions  that  have  become 
involved  in  the  morbid  process. 

Papillary  epitheliomaCa  of  characteristic  structure 
in  the  urinary  bladder.  They  usually  possess  an  ej 
iugly  delicate,  branching  stroma,  traversed  by  very  thin- 
walled  blood-vessels.  This  stroma  is  everywiicre  clothed 
with  stratified  epithelium,  which,  as  regards  the  shape  of 
\\a  cells,  corresponds  to  the  lower  and  intermediate  layi 
of  the  vesical  mucous  membrane  {so-called  vUfoue  paj 
lonui  of  f/ie  bladder),  and  may  occasionally  exhibit  at 
aiiices  of  the  papillfe  long-drawn-out,  spiudle-sha]>ed 
Frequently  a  partial  separation  of  individual  (lorticnis 
these  villous  formations  takes  place  during  life,  and,  01 
t^i  the  great  abundance  of  blood-vessels,  this  may  ' 
lowed  by  severe  liemi>rrhage.  Sometimes,  as  a  result, 
torsion  of  the  |)edicle  of  individual  villi,  parts  of 
tumor  may  undergo  necrosis  and  are  then  usually  mpu 
covered  with  an  incrustation  of  urates.  Villous  epi'"' 
lioma  also  occurs  in  the  upper  portions  of  the  urii 
passages,  the  ureters,  and  the  pelvis  of  the  kidney,  as 
as  occasionally  in  the  utenis.  In  tlicgall-bhiddernnd  in 
large  bilenlucts  tVie  mviwm^  membrane  is  s. 
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ereJ  with  small,  wart-like  elevutions,  consistiDg  nf  a  deli- 
cuU'  comievtive-titisue  tramework  and  a  thin  covering  o( 
epithelium  {cholft!yitli(iii  polyposa). 

Adenoma.. — Adenomatuus  structures  are  also  tlte 
result  of  a  combinatiou  of  ctmnectivc  and  epithelial  tissue, 
111  onler  that  the  tumor-like  cliarat;ttT  lie  presented,  a 
uniform  participation  of  the  two  tissues  as  regards  dis- 
tribution is  net«89ary ;  but  the  origin  of  these  tumors, 
however,  in  every  case  seems  to  be  referable  to  the 
primarj-  proliferation  of  the  epithelial  tissue.  As  it 
multiples  the  latter  dips  down  into  the  clefts  of  the  sur- 
rounding coimcctlve  tissue,  where  it  is  at  once  joined  by  a 
certain  quantity  of  connective  tissue,  which  adapts  itself 
closely  to  the  newly  formed  epithelial  layer.  In  faot,  it  iius 
been  thought  by  some  authors  (Borst)  that  the  epithelium 
possesses  a  so-called  tactile  sensibility.  Adenoma  always 
originates  in  glandular  oigiuis,  particulary  in  the  large 
parenchymatous  oi^ns,  the  mammary  glautls,  the  kidneys, 
the  ovaries,  the  liver,  the  testicles,  or  in  the  mucous  glands 
of  the  gai^tro-intestinnl  canal,  the  uterus,  and  the  respira- 
tory tract,  and  finally  in  the  skin-glands.  Here  also  the 
degree  to  which  tlie  connective  tissue  takes  jiart  in  the 
process  is  extremely  variable  both  qualitativelv  and  quan- 
titatively. It  may  be  so  much  in  excess  of  the  newly 
formeil  epithelial  constituents  that  the  term  primary 
fil>ronia  has  Ijeen  used.  On  the  other  hand,  its  devehip- 
ment  may  be  scanty  as  compared  with  the  abuudant 
formation  of  gland-spaces.  In  evt-ry  case,  however,  all 
the  epitlielial  parts  of  the  adenoma  are  snrroundo<l  by 
a  continuous  layer  of  connective  tissue.  It  is  often 
possible  to  demonstrate  a  true  tunica  propria,  supporting 
the  epithelial  cells  exactly  like  the  normal  glandular 
structures.  Occasionally  the  stroma  is  firm  and  fibrous, 
(wntaining  only  a  few  small  spindle-cells,  while  the  fibers 
in  places  are  so  closely  packed  as  to  form  a  sclerotic  and 
often  hyaline  mass ;  again,  adenoma  is  sometimes  ubser\-ed 
with  a  cellular,  delicate,  reticular  stroma,  in  the  meshes 
of  whidi  numerous  wandering  cells,  especially  eosinophile 
■  dttnoiisl rated,  while  the  fixeil  cells  of  liii^j 
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FIGURE  XXV. 
Pericanalicular  AdenonMof  the  Mamma  I  <t  ^•)-- 

]in!»9nl  ^1aiid-tu)>iil(«  ;  '2,  sc^^iiil-iiu  of  niu'li  iiiIiuIm  ; 

striated  coiiiiiK-'livL-  ti^UL'  uiruuged  urnuiid   til':  uitialivuli ;  4,  blM 

FIGURE  XXVI. 
Intracanalfcular  Adenoma  of  the  Momnury  Oland  ( x  260.9 

1,  Ulaii(l-lul>ul"  iiivH^iTiuUii  by  [irulifprutiiig  runnn-tive  tinue  {8)l'f 
rwflectiiinirr  ilit'  ciiilhxlium;   -I,   winnophile  cells  in  Ibe  ouDHW 

PLATE  6v 

Flo.  1.— From  a  Papillary  Cystadenoma  of  the  Ovar 
Cross -section  of  a  Papilla  (lleiuiit.Hn.-iu.     •   ^2<l-)-.  I,  Bpid 
liiil  cii-iTini; ;  :•,  ..■oi.iic-clivii  [if>uo  ;  3,  ii.Jwli-i  vi^.'H 

Flu.  2.— From  a  Papillary  CysUdenoma  of  the  Ovai 
(HeniHt.-tH)iiiti  .  HO.):  1.  Connective  timv;  ■!,  lumi-ii  uf  cyst 
3,  c<mu™Uvc-lis»mi  |m))i11ii  jiushins  the  Pjjillicliiiin  Iwfnrp  it  (*)  j  I 
(wUons  of  jMpilkrv  t^xcrcecenc<». 

Flu.  3.— Papillary  Cystadenoma  of  the  Ovary  (Ilur 

X    100.):   1,  t'uniifftivp-lissue  bLpuiiih;   2,  i-iMilii-liul  covorili_ 

ing  uf  umtiy  Iuvltb;  U,   [Hipillnry  BicresLfiioi*  willi  flevirtluii  ofB 

i'[utlietiuTii ;  4,  i-pi(liu1iul  wrinkling. 


tumor  consist  of  Ifirgc  s]iitiille-sliaped  or  stellntc  oloiml 
with  nn  abundance  nl"  iii-iitoplnsm.  The  inlcrslitial  tia| 
may  become  swollen  from  tlic  aecimmlutic.ii  of  ctlemalo 
fluid,  or  tlio  groiind-sulistanc'c  may  imdfi^>  metapla 
rcHulting  in  inie  niyxnmntoiis  (it'generation  [uilmamyxor 
rule n ojih mmn  mi/rom'tloilf/i). 

Pepeniling  Upon  iho  development  and  eliaracter  of  £ 
epithelial    ]M)rtinn     it    is     usual     to    diHtinfr'iiMli    tnbui 
a/vrdar,  and  fol/ictiliir  adfiioma.     In  tlii>  tiivl  griiup  tJ 
epillielia]  neoplasms  imitate  llie  exeretory  duct*  of"  glail^ 
and  represent  tubular  slnictures  (he  epitlielinl  lining  0* 
which  tisnaliy  consist-*  of  a  single  layer  of  oellw,  rarrfy  ' 
more.     The  individual  cells  may  lje  eulKjidal,  cylin?" 
or  sometimes  flat,     Ohiiqne  soetions  of  such  tnhnleso 
simulate  strfttified  structures  which  npi>ear  to  anastu- 
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with  one  another.  They  may  also  seud  out  into  the  in- 
ilertititial  tisBuc  eprouting  processee,  sonietimeH  with  dUaWil 

:treraities.  Occaeionally  a  disliiict  secretion  is  ibund  iit 
the  glandular  neoplasms,  in  that  large  quantities  of  mucui, 
pseudomiicin,  or  colloid  substance  iire  produced,  or  in 
liver-adcDoma,  bile.  These  secretory  pnxtsHes,  however, 
quite  frequently  possess  a  distinctly  degenerative  character 
and  lead  to  the  death  of  the  secreting  cells.  In  fact,  one 
may  actually  speak  of  mucoid  or  colloid  d^jeneration  of 
■the  adenonia-cellB.  When  the  growth  of  int^rNtltial  con- 
nective tissue  is  particularly  marked,  it  sometimes  gives 
the  adenoma  a  special  morphologic  character,  as  the  con- 
nective tissue  often  assumes  an  aggressive  stand  toward 
the  newly  formed  gland-spaces.  Eitlier  it  constricts  the 
glandular  canals  with  closely  packed  6hrou»  rings  until 
the  glandular  lumen  is  completely  obliit^rated  {adaioma 
perieanalloulan)  or  it  advances  actively  against  the 
newly  formed  epithelial  cells,  causing  an  invagination  of 
the  glandular  spaces  like  the  fingers  of  a  glove  anil  the 
apposition  of  the  epithelium  so  as  tu  form  several  layers 
{adenoma  intracaaaliculare)  (Figs.  XXV.  and  XXVI.). 
The  latter  phenomenon  is  apt  to  take  place  ]>articulariy 
after  cystic  dilatations  or  clefts  have  been  previously  pro- 
duced within  the  gland-spaces.  The  connective  tieeue 
then  dips  down  in  the  form  of  blunt  papillie  with  clnlj- 
fihaped  enlai^ments  at  their  extremity,  or  in  the  form  of 
a  rollcd-np  leaf,  and  comes  E^in^t  tln'  wall  of  llie  epithe- 
lial spheres  and  cylinders,  pushing  the  epithelium  in  fnmt 
of  it,  as  in  the  formation  of  a  papillarj-  epithelioma.  As 
ithe  connective  tissue  in  most  of  these  cases  is  extremely 
cellular,  they  have  been  described  as  cases  with  simulta- 
neous sarcomatous  growth,  and  those  tumors,  which  have 
their  seat  chiefly  in  the  mammary  gland,  were  formerly 
often  designated  adenocydosarayma,  with  the  addition  of 
the  epithet  "  phyllodes,"  in  view  of  the  leaf-like  in- 
vaginations. 

Adenoma  also  frequently  exhibits  certain  similarities  to 
chronic  inflammatory  procr^sc:^.  and  in  many  cas&e  they 
ditlicnk   to   differenii^ii'     '*  ■     .Ir   Infliuuniatory 
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PLATE  64.  

Flu.  l.-'Paplllary  Adeaonia  from  the  Rectum  (Hem*t.-« 

*  98.)-   '1  ViLH.'uliii  ■^lI^™n ;  1',  firutill&i  ijlliidrio  tjiitbuliuin. 
t'lu.  li.— Polypoid  AdenoniA  Irooi  the  Rectum  (lUinii 

*  il.)  ;   1,  TulmlHr  glund-^ptut^,  witii  maiiit'uld  epitlitliul  wrinklld 
and  epilhi'liBl  bridges;  2,  Urge  uyaljc  glund^jpuce* 

PLATE  65. 
Fic.  1.— AUtltllocutar  Qtandular   Cystoma  o(   the    Oval 

(Eeuiut.-eoain.    >  35.) :  1,  C^btic:  gliiiii]-<<piiL-(^]  2,  fuldsof  epitbtJiuaj 
S,  »n>iim. 

Fia.  2.— Papillary  Cystoma   of    the    Ovary   (HemaL-ei 
H  W.):  1,  Gland-spaces  1  2,  eame,   witb   iiiiiiiurou;^  tpithulid  ful^ 
S,  I'pithelial  fold  in  horizuiiUU  Becli'ni ;  4,  ^tvoiiiu. 

hyperplasia.  This  is  cspecblly  the  case  in  the  adi 
matous  neoplasms  of  the  ooee,  the  uterus,  and  the  _ 
iutestinal  canal.  Polypoid  growths  of  the  naeal  mucoi 
membrane  otlen  contain  such  an  abundance  of  pnillfiT- 
ating  gland-tubiiles  that  the  stroma  is  completely  over- 
shadowed, and  the  entire  tumor  apjKn»  to  con.sist 
interlacing  glands.  As  a  rule,  the  cnronio  catarrhal 
ditions  which  are  the  cause  of  their  formation  are 
demonstrable.  There  is  incrca.sed  secretion,  with 
formation  of  numerous  goblet-cclls  and  a  continuous  pr^ 
cession  of  leukocytes  through  the  epithelium.  In  the  so- 
called  glandular  polypi  of  the  stomach  and  intestines  these 
chronic  inflammatory  conditions  in  the  connective  tissue 
and  catarrhal  prooeeees  in  the  epithelial  jmrtion  arc  clearly 
di.scemible.  In  the  att»mach  particularly  hyperplasia  of 
the  interstitial  tissue  occm-s  on  a  base  of  chronic  catarrh, 
and  leads  to  nniltipio,  polyjxtid  bulgings  of  the 
membrane  and  simultaneous  multiplication  of  the  epithi 
cells  of  the  ^stric  glands.  In  this  way  may  be  produi 
either  multiple  polypoid  adenoma,  extending  over  lai^ 
])orti<ins  of  the  muojus  membrane,  or  solitary  neoplasms 
as  lat^  as  a  goose-e^,  their  surface  interrupttil  h 
numerous  fissures  and  consisting  almost  exclusively  ~ 
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l^enerateil  glands  and  a  scanty  amount  of  interstitial 
tissue.  Quite  similar  slnicturesi  are  occasionally  found  in 
tile  large  intestine,  es|»eciully  in  the  rectum,  where  broad, 
'flessile,  iwlypoid  liyperplasiie  of  the  connective  tissue 
of  the  mucous  membrane,  thickly  covered  with  <iirk- 
screw-like  spiral  glands,  are  often  pi-oduced  (Plate  64, 
FiK.  2). 

Cystoma. — When  dilatation  of  the  cavities  in  an  ade- 
nomatous tumor  takes  place,  the  structure  is  known  as  a 
cystoma  or  cysiadenoma.  The  dilatation  cannot  well  be 
attributed  exclusively  to  the  presenre  of  the  increased 
secretion  from  tiie  epithelium,  because,  if  that  were  the 
case,  atrophy  would  soon  make  its  appearance  in  the 
latter;  it  seems  more  probable  that  the  surface  of  llie 
epithelium  itself  becomes  enlarged  and  is  partly  respon- 
sible for  the  great  increase  in  size.  In  these  tumors  also 
the  epithelial  covering  usually  consists  of  one  layer,  but 
oblique  or  horizontal  sections  through  the  domes  of  smaller 
cysts  may  simulate  a  covering  of  several  layers  or  even 
solid  alveoli  filled  with  epithelium.  The  superficial  growth 
oft'pithelia]  cells  is  often  prononneed,  and  manifests  itself 
not  only  in  the  enlargement  of  the  cystic  spaces,  but  alwt 
in  the  formation  of  numerona  folds,  which  either  pnject 
into  the  external  surnnmding  connective  tissue,  where 
they  at  once  form  a  lumen  and  lead  to  the  production  of 
daughtcr-eysts  (Plate  65,  Fig.  2),  or  follow  the  line  of 
Rst  resistance  and  grow  towml  the  interior  of  the  tumor, 
irmingan  invagination  which  is  often  irregularly  branched 
and  projects  into  the  lumen.  In  addition,  the  epithelium 
may  also  be  pushed  toward  the  interior  of  the  tumor  by 
active  gn>wth  of  the  subepithelial  connective  tissue,  thus 
forming  the  papillarj'  structure  which  are  so  frwpiently 
liinud  on  the  mner  surface  of  cystic  cavities  at  times  filling 
the  anterior.  They  evidently  consist  of  a  combination  of 
cystic  formation  with  secondary  papillary  elevations  toward 
the  lumen  (papUfari/  ct/gtomn).  These  epithelial  invagi- 
nations always  possess  a  central  stalk  of  vawidar  con- 
nective lis-sue,  wnich  does  not  always  become  evident  in 
superficial  sections  of  the  papillie,  and  becomes  apparent 


820  TUMORS. 


m 

m  bom  tap 


PLATE  66. 
Pio.  1.— Atypical  Proliferation  of   Epithelium  I 

Edge  ot  anUlcerof  the  Leg(I1'mt<t.-«<"iii.         T»  | :  1,  Strniuin 

oLmeumi    2,   slmlui.i    M.ilijiyliii ;    3,    lull,   linmd, 

[«ipill»;  4,  pliii,-s  lit'  i^piihdium,  pmliferiiting  into  the  dqitli  uf  the 

lifsuo;  5,  epithoiiiil  ifiiiind"  mtirrljBUrrournied  by  couiii.n.'tin' lias"         '" 
without  litiy  JippHrent  ccimjwti'tri  willi  lliy  ^ll])l■^a^:ial  epitlidium 

Fia.  2.— Papillary  Epitliel Ionia  of  the  Skin  with 
Horny  Epithelium  {Horny   Warti  (UemBt.-eoem.     x    HO.) 
Normul  Fpiderni ;   2,  thlcki'iivd  tl^ui>  in  Ihe  cuti);  S,  tntnivei 
lion  of  tall  und  branvliirig  p»pilliu ;  4,  cnnL«iilrit:ally  sUiated 

PLATE  67. 
Fia  1.— Papillary  Epithelioma  (Condyloma  Acuminatum 
from  Labium  JVla}usi  1  llemal.-o.eiii.  '  20.):  1.  T»»  braiK-liitig 
eonnective-tissue  pupilln";  '2.  Inmsvot^o  Mvtioii  nf  coniiwlivi'-lisim' 
]uipil1s  within  llif  epiUicliuin  ;  3,  llilcliL'nciI  IjiycTB  of  cpitliL'lium  ;  i, 
blood- veaeU. 

Fio.  2.— From  a  Papillary  Epithelioma  of  the  Labium  Majua 
[Condyloma  Acuminatum]  (Curmin.  x  so.)-.  1,  Pttpllliv in lonin- 
llldilml  section;  2,  tmnsversM!  suctions  (if  pupilln.- with  dieU^iided  blood- 
vwaela ;  U,  Uiickcnwl  layer  of  tho  relo  Mnlpighii ;  i,  cylindrif  pjtrnii- 
nnl  cell-lsjer  of  tho  epidi'nn. 


PLATE  68. 
Piu.  l.-Paplllary  Epithelioma  from  the  Bladder  (Vltl< 


Papilloma)  {Heitiat.-eusiii. 

stroma ;  2,  covering  of  niany-lnyernd  ryliiidric  (.■pilbfliiiui. 

Fio.  2.-From  a  Villous  Pajrilloma  of  the  Bladder  (Hi 

eosin.      x  35.1;   L  Connwtivu-liaauo  etromn  ;  2,  mnny-lnyet«d 
drlc!  epithelium ;  3,  crogs-sectioDs  of  blood-vecsela. 
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only  in.  particularly  favorable  sections.  These  trut-  pupTt- 
lan,'  excrescences  must  be  carefully  distinguii^lieil  from 
simple  folds  of  epitlielium,  whicli  may  also  lead  to  ex- 
tensive projections  on  llic  inner  surface,  and,  if  tliey  are 
miiltipip,  anastomose  with  one  another  so  that  the  cystic 
cavity  is  trasversed  by  a  fivstcm  of  comronnioiting  epi- 
thelial tmbeculie  in  which  no  oonnective-tissue  supportive 
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Uince  18  neotssarily  demon  titrable.  Tlie  cystic  cutileiite 
^re  often  compOi^  uf  a  clear,  seroiii^,  and  suiuttiriieN, 
i.'si>e(ually  in  cystic  tumors  of  tbe  ovary,  mucoid  material, 
which  may  collect  in  enormous  quantities  and  contains,  in 
addition  to  ordinary  mucin,  so-adl«!  peeiiilomucin — (.  c, 
a  material  that  does  not  coagulate  upon  the  addition  of 
acetic  acid. 

Cystic  adenoma  is  chiefly  obaen'ed  in  the  mammary 
gland  and  in  the  ovaiy.  In  the  former  organ  the  tumor 
commonly  oonsisls  of  Bhajieless  papillary  maHset*  of  pro- 
liferated connective  tissue,  covered  with  epithelium,  pro- 
ducing cicfl-like  invaginations  and  associated  frequently 
with  complete  collapse  of  the  lumen  (cystadenoma  phyl- 
lodes).  Mucoid  degeneration  may  also  occur  in  the  con- 
nect ive-tissne  stroma,  and  in  the  microscopic  picture  the 
latter  may  appear  simply  as  a  collcctioa  of  isolated, 
hranching  cells  within  a  mucoid  ground-Bubstanoe. 

Ovarian  cynU  are  either  single  or  multjloc^ular,  or  the 
lumen  is  completely  or  partially  filled  with  papillary  ex- 
crescences (cifMoma  papilliferum).  The  epitlielium  is 
usually  of  the  tall  cylindric  variety;  sometimi-s  cilia  are 
observed,  at  least  in  some  jwrtions  of  the  tumor.  On  the 
papiliffi,  on  the  other  hand,  the  epithelium  is  usually 
arranged  in  several  layers,  the  Individual  cells  in  their 
active  growth  crowding  and  pushing  over  one  another; 
among  them  are  also  found  numerous  gobtet-cells  (Plate 
14,  Fig.  2),  which  accurately  imitate  the  physiologic 
mucous-production  by  means  of  goblet-cells,  except  that 
they  are  distinguished  by  their  greater  number  ana  larger 
size.  Ovarian  cysts  are  usually  believed  to  have  their 
origin  in  germinal  epithelium,  although  it  was  formerly 
believed  by  many  authorities  that  they  originate  in  Graafian 
follicles.  Some  symmetric  ovarian  cysts  are  probably  due 
to  perpjstence  of  tiie  Wolffian  duct. 

In  rare  cases  the  ovary  is  completely  filled  with  papil- 
lary cysts,  the  proliferations  projecting  alxtve  tbe  surface 
of  the  organ  ;  the  tumor  may  spread  to  the  peritoneum, 
where  the  same  ragged  excrescences  may  be  iormed  as  in 
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PLATE  fx). 
PiD,  1. — Adrenal  Tumorfrom  the  Kidney  iHypemepbi 

(UenaL-eodn. );  1,  Large  puly^unuKfllt,  uiiiikining  ai 
uf  fat  Mnd  arrniigH]  in  lubes ;  2,  contiecUvo-lii^uo  cell*  ii 

BtrUIIM. 

Fill.  2.— AdenocarchioiiMi  of  the  Uver  Bednalns  I 
8ile*ducts    ( Uemnt.-oniiin.       x    100.):    I,    Liver-' 
liiverwl  ppilheliiil  luUs  gnjwing  iiilii  Ihc  llver-lisjui' 

Congenital  oystJc  tumore  occur  iu  the  liver  and  kidni  _, ., , 
in  the  latter  they  Bmy  be  so  large  as  to  form  an  obfttaole 
to  Iiilwr. 

An  external  resemblance  exists  bt'tween  adenoma  and 
tumors  which  uriginute  in  the  suprarenal  glands  or  in  dis- 
locate |K>rlion8  of  those  organe.  These  tuniors  were 
formerly  oft«n  lieseriljeil  as  sarcoroa  or  lifwma,  and  some- 
times as  endothcliom:!,  They  are  due  not  to  genuine  new 
formation  of  glands,  but  to  proliferation  of  cells  similar 
in  character  to  those  which  normally  occur  in  tlie  cortical 
substance  of  the  suprarenal  capsules.  If  the  tnmor  is 
untistmlly  lat^  or  metastasis  takes  place,  the  original  cell 
character  may  undergo  more  or  less  extensive  metaplasia, 
so  that  ihe  origin  of  the  tiunor  canuot  jdways  be  deter- 
mined by  a  mere  examination  of  the  metastatic  growth. 

The  suprarenal  capwules  are  occasionally  the  seat  of 
sharply  circumwribed,  soft  nodules,  usually  of  a  yellowish 
color  when  seen  nilh  the  naked  eye,  which  Virchow 
designated  struma  auprarenallB.  They  are  com|inse<l  of 
large,  |M»lygonal  cells,  colUx'ted  to  form  spheric  and  tubular 
masses,  with  an  exceedingly  small  amount  of  inter(«liular 
substance.  As  a  rule,  a  few  endollielinl  cells  derived 
from  capillaries  can  be  demonstrated  iu  the  intervals  be- 
tween the  large,  tail  tumor  elements.  Quite  freijiiently 
the  cells  contain  an  abundance  of  fijt -droplets.  Glycogen 
ha«  also  been  demonstrated  repeatedly  within  these  cells. 
Aberrant  portions  o(  supnireual  bixlies  are  quite  ci)mmon. 
They  are  louud  chiefly  on  the  surface  and  within  the  sub- 
stance of  the  kidney,  and  consist  of  flat,  yellowish  noclules 
situated  beneath  the  capsule,  and  varying  i"  -■''"  *^— - 
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.thiit  iif  a  heniii-st'wl  lo  that  of  a  li'iilil.  Soau'timfs  they 
ultipleaiid  entirely  siirmiiudeii  bywirtical  siiljstunce, 
'thus  l>ecomnig  eoiniiletely  isolated  witliiii   tlif  Interior  of 

le  oi^ii.  Siioli  nodiites  are  sometimeB  seen  In  the  ueri- 
'ioueum,  in  the  sexual  glands,  on  the  hnwd  or  rrjiiml  liga- 
l^cnt,  on  the  siHTtnatic  wnxi,  or,  more  rarely,  in  the  liver 
(OI>erndorfer}.  The  iiiLipUecd  islaiKls  '>!'  stinrarcnal  cai>- 
Blilc  may  themselves  lead  t«  the  fomiatiou  nt  tninors  after 
the  type  of  .struma  HUpmrenali:^,  and  tln'.-i-  (iinmrs  may 
attain  a  laip?  size  and  lead  t«  mi-l:i.-i(i-<v-  in  cli>i:iii(  por- 
tions of  the  ImkIv.  Ah  the  epitlicliid  <  In  inn  tor  "J"  the  cells 
has  not  been  detinilely  proved,  we  cannot  dcsi^iiatt'  tlii^se 
slnictiires  adenomata,  although  tlie  tumor  elemenls  in 
many  places  are  collectt'd  in  tul)e-iike  structurea.  For 
the  present  the  term  siiprarennl  ttiinorn  or  hypemephroidai 
rn  uccms  preferaljle;  the  name  hypeniephronui  has 
been  prop(»sed.  In  lai^'  tumors  of  this  kind  retro- 
.jive  metamorphosiH  is  usually  quite  extensive.  Thns, 
cells  may  undergo  such  marked  fatty  change  that  the 

itire  tumor  presents  nn  intense  yellowish  color  and  a 
semisolid  consistence  like  that  of  butter.  In  addition  it 
IB  oflen  found  that  parts  of  the  iisoft  tumor-mass  have  been 
destroyed  by  hemorrhage.  In  the  siirvivitig  [lortiona  the 
cells  are  large,  the  protoplasm  completely  filled  with 
vacuoles,  and  of  a  frothy  structure.  Examination  of  a 
recent  specimen  shows  the  presence  of  an  abundance  of 
glycogen.  The  nuclei  contain  a  fairly  thick  network  of 
chromatin,  and  the  cell-membrane  is  often  quite  distinct 
on  account  of  the  excessively  pale  color  of  the  cell-body. 
The  microscopic  picture  thus  often  resembles  that  of 
vegetable  cells.  In  meta^^tatic  growths  irregnlar  cords  of. 
cells,  ae  well  as  spheroid  aggregations,  are  discernible, 
surrounded  by  scanty  connective  tissue.  This  lends  to 
the  picture  the  greatest  resemltlance  to  a  carcinoma.  From 
the  clinical  standpoint  also  thrs  resemblance  is  si'^metimes 
extremely  marked,  as  multiple  lueta^atic  gniwtha  may 
appear  in  many  oi^ns  at  the  same  time  and  the  neigh- 
iKiring  tissue  may  be  destroyed.  Sometimes  the  metastatic 
ihs  present  a  di-lim/l  adenomatous  or  even  cystatlg: 


matnns  stnirtiire.  Tlif  *■< 
show  a  distinct  epitlipliiil 
of  the  cv8t  is  often  fiUci  \ 
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WlierRas  in  tlic  (.■pltlu-llnl  iieoplatmiK  iliscasnod  so  i 
a  tvpitsil  relation  between  epillielium  ami  ci.innedivc  tiss 
isiihvays  demon»tral>le,  tlio  foniu-r  always  foll..wiMg  tH 
latter,  'in   tlie   casu   ui'  cphWVuti    tiitimrsi  whicli   slin 
greater  departure  from  tin*  ii"rriial  ty|K',  llic  ijiirhciiu 
to  a  very  lai^  extent  iiut('|K'iidt'iit  of  tlir  i-oniitx'tive  tissiS 
The  groujie  of  epithelial  eellsgrow  without  regular  phyail 
li^ic  order,  invade  the  surrounding  tissues,  and  mani^ 
a  tendency  to  spread  beyond  bounds.     These  tumors  a 
known  as  carcinoma. 

They  originate  in  lining  or  glandular  epithelium — tu 
Is,  in  the  cells  of  active  organs.  Carcinoma  may  i 
also  from  preexbting  and  previously  tyiiioally  arrnngi 
epithelial  tumors,  as  a  consequence  of  changes  in  the 
nature  of  their  growth,  the  ultimate  causes  of  which  are 
still  a  complete  mystery.  Sometimes  islands  nf  epitlielial 
tissue  which  have  become  displaced  during  fetal  life  aa  * 
have  never  formed  a  part  of  the  complex' of  functionati:|| 
organs,  being  in  a  sense  superfluous  remains,  may  t 
the  matrix  of  careinomatous  tumors. 

As  frequently  observed,  epithelial  tumors  require  i 
their  existence  a  certain  quantity  of  vascular  suprK)rtJl| 

tissue.     They  are,  therefore,  never  quite  indepentient  () 

the  latter,  and  in  this  sense  carcinomata  are  also  organoid  • 
bimors,  in  which  the  epithelial  tissue  is  comparable  t4i  the 
parenchyma  of  organs.     The  stroma  always  consists  of  9 
network,  the  large  or  small  meshes  of  which  contain  t 
gmnps  of  epithelial  cells  in  "alvefdiirarningemeot." 
characteristics  of  a  care^inoma  liierefore  are  the  nlvec 
etructnre  and   the   epithelial   arrangement— that  is, 
complete  absence  of  any  conncelive   tissue  Iwtween   1 
individual  cells  of  the  alveolar  eimtents.     In  this  r 
only  are  the  parenchyma  Ions  elements  of  the  tumor  1; 
epithelial  cells.   Otliei  ^ints  in  the  diagnosis  of  earcinoi 
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ore  thi?  demon  st  rat  it  >n  of  irregular,  alypiful  groujis  of 
cells  ami  active  invawinn  of  tlw  eurnmii<lmg  tissue  by  tlie 
epithelium.  Sometimes  the  Btrtima  of  a  carcinomatous 
tumor  reprewents  nothing  but  the  remainH  of  the  inter- 
stitial portion  of  the  tissue  attacked  by  the  morbid  growth. 
In  BUcli  a  case  it  ia  tlie  preexisting  connective  tissue  that 
coutaius  within  its  raeshe;'  the  group8  of  proliferated  epi- 
thelial cells,  and  quite  ofieii  tlic  parenchymatous  portions 
whidi  the  connective  tits  up  originally  supported  are 
destniyed.  It  is  not  nire  lo  find  at  the  edge  of  tile  caroi- 
iioniatous  growth,  along  the  invading  tumor-cells,  remains 
of  the  origina]  organ,  scvenxl  fn)ni  tiicir  natural  connections 
and  in  process  of  destruction  by  the  advancing  tumor.  It  , 
should  be  emphi\&izGd  again  and  again  that  carcinoma  does 
not  owe  its  growth  and  extent  to  a  progressive,  uniform 
degenerative  growth  of  the  affected  tis.sue.  Parenchymat- 
ous cells  arc  not  coiivfrte<l  into  cancer  ccllri,  nor  do  tbey 
undei^o  "  cancerous  degeneration,"  as  was  formerly  be- 
lieved by  many  authorities;  on  the  contrary,  I  he  latter 
n^'maiu  entirely  passive,  and  the  tumor,  which  has  origi- 
natetl  at  a  definite  ijoint,  conlinui-s  to  develop  "uni- 
centrally  "  in  its  irresistible  advance  into  the  surrounding 
tissue. 

The  connective  tissue  of  the  invaded  organ,  which  be- 
comes in  a  sense  sub^rvient  to  the  tumor  and  is  utilixed 
to  further  its  gn>wth,  of  course,  also  undci^ies  certain 
changes,  usually  in  the  nature  of  a  reactive  inflammatory 
Rianifestalion.  FirsI,  it  lieooiues  the  seat  of  more  or  less 
pronounceil  small-cell  infiltration,  which  is  well  developed 
at  the  limits  of  almost  every  eareinonia.  The  invading 
tumor  in  a  way  represents  a  foreign  body,  under  the  in- 
fluence of  which  inflammatory  processes  fake  place. 
Emigration  r>f  .ulnrlos  hiood-cells  and  proliferation  of 
fixed  (iinnt'ctivi'-tij-iu*  cells,  associated  with  eulai^ment 
and  mnlliiilii-alinii,  liikc  place,  and  sometimes  tlie  fibrous 
ptirlions  alsii  undergo  a  cou.'-iderable  increase.  The  char- 
ncter  of  the  inflamniatury  phenomena  depends  upon  the 
intensity  of  the  irritation  produced  hy  the  ingrowing 
tumor.     If,  as  in  the  case  of  extensive  and  insuRicicutIv 


— AdenocsrctDoma  from  the  Rectum  (ni-maL-e 
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— Adenocarcinoina   from    Parotid   Qbmd    ^Cai 

IHO.):    1,   Glund-tubul'ji' ;    U,   maiiy-lajereil  ciiitholial   Uningl 
S,  solid  slrnnd*  ot  epitholium. 


nourished  maes€'.s  of  Li[)il helium,  degenerative  plienomenj 
are  well  marketl  in  tne  tiiiiuir,  ihe  resiilring  cliemotactii 
iniliieniie  nianifesls  itself  in  the  flixjrling  i.f  the  Invaded 
tjissue  by  leiikoeytes  with  fragmented  nndei,  whieli 
be  BO  densely  packed  as  to  give  the  impression  nf  a  pui 
lent,  connective-tisane  infiltration.  In  other  cases  ( 
"  small-fwll  infiltration  "  is  represented  chiefly  by  lympl 
cytcs,  plasma-cells,  and  Bometimes  by  nnnsuully  abiindani 
eosinopliilc  or  m:iat-cells.  The  prolifemtive  plirnomonn 
in  the  connective  tissue  are  also  subject  to  great  variations, 
and  may  at  times  lead  to  so  tremendous  an  increase  of  the 
connective-tissue  cells  as  to  give  the  tissue  an  embryonal 
character.  ThLs  process  has  heen  described  as  a  narcomat- 
0U8  degeneration  of  connective  tissue,  and  the  tumor 
produced  in  this  way  has  been  designated  "carcii 
iitrcmna." 

It  is  not  denied  that  reactive  phenomena  may  soi 
times  be  observed  in  the  parenchymatous  portions  of 
affected  tissue,  and  nndor  certain  circumstances  it  may 
appear  as  if  these  inflammatory  elements  had  a  share  in 
the  buildin^up  of  the  tumor,  but  such  proliferative  proo- 
esses  have  no  greater  isignificnnce  than  in  other  kin< 
inflammatory  changes.  At  most  they  lead  to  a  tem[ 
cellular  increase  and  are  immediately  followed  by 
cressive  metamorphosis,  which  lattT  (Musi's  their  coai] 
destruction. 

In  many  cases,  however,  the  atypiwd  epithelial  neopti 
is  forc^  to  find  its  own  supporting  and  vascular  tarn 
This  is  the  case  whenever  the  growth  of  the  tiUQor 
"  exstnictive  " — that  is,  when  the  tumor  projects  aboi 
natund  level  or  grows  into  &  preformed  cavity.    ITbe-: 
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'  liferation  of  epitlu^lmm  in  such  cases  is  aocouipaiiie*!  Iiy 
&a  a  bun  da  ut  new  tbrmation  of  connective  tissue  and 
blood-vessels,  in  exactly  tlie  same  way  as  in  jiathologio 
or^nizatiun  and  in  the  regeneration  of  connective  tissue. 
The  proliferating  interslitinl  tissue,  of  course,  becomes  the 
seat  of  continued  mitotic  cell-division  of  Hbroblasls  and 
endothelium,  while  at  the  same  time  the  colorless  elements 
of  the  blood  continue  to  increase  in  the  grunulation-tiasue. 
The  epithelial  cells,  which  represent  the  tumor-imrenchyma, 
push  their  way  into  the  spaces  of  the  connective  tissue, 
utilizing  at  first  (■hieily  the  preexisting  lyniph-clefts,  but 
later  also  other  cellular  spaces  void  of  endothelial  invest- 
ment. So  long  as  the  cootiniiity  of  the  growth  is  pre- 
served— i.e.,  so  long  as  passive  transplantation  of  tumor- 
particles  has  not  taken  place  by  means  of  the  blood  nr 
lymph  circulation — the  rapidity  of  growth  always  dcpeuda 
on   the  rate  at  which  proliferation  of  tumor-ccUs  takes 

iilace.  The  niicroacopic  picture  gives  lis  a  good  (Titerion 
ijr  the  rate  of  gniwth  in  the  abundance  of  the  mitotic 
figures  found  at  the  border  of  the  tumor.  Hencp  the 
alveoli,  nests,  or  tube-like  a^regjitions  of  epithelial  cells, 
which  are  always  found  in  some  sections,  are  to  Iw  reganle<i 
as  portions  of  cell-cords  or  root-like  processes,  anastomos- 
ing with  one  another  or  with  tlie  tumor  node  itself.  In 
serial  sections,  or  when  the  tumor  Is  reconstructed  in  wax, 
it  appears  conchisively  that  all  the  alve<)Ii  or  cords  com- 
municate with  one  another,  f'arcinoma  is,  therefore, 
characterized  by  a  distinct  tendency  to  infiltration,  and 
thus  differs  from  many  connective-tissue  tumors,  which 
have  a  tendency  to  expand :  the  increase  in  size  always 
takes  place  by  ppriphoml  ajiposition  of  new  elements 
forme<l  by  repontfld  division  at  the  edge  of  the  growth. 
The  shape  of  the  epithelial  cells  that  enter  into  (he 
atnicture  of  a  enrcinoma  is  extremely  variable.  As  fre- 
quently observed,  the  stiape  of  the  cells  can  never  \» 
utilized  as  a  basis  for  a  diagnosis.  It  is  impossible  to 
determine  from  a  single  or  from  several  isolated  tnmor- 
cells  whether  they  originally  belonged  to  a  carcinoma  or 
'oa  sarcoma ;  it  is  only  by  studying  their  mutual  relations 
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to  one  another  tliat  tlie  (iiieation  ciin  be  solved.  Bufej 
the  main,  camnoma  eontaiuw  tiat,  euboidal  or  vyiiu' 
types  of  cells,  (le[)en(ling  on  tlie  jjoiiit  of  origin  of 
tumor  (see  Wlow).  The  original  form  may  lie  presen 
for  a  long  time;  it  is  occjisionally  jireserved  not  oi 
throughout  the  mother  tuniora,  but  ako  in  (knghter 
tuniura,  9o  tl^at  examiimtion  of  the  metastatic  growth 
affords  a  clue  to  the  character  of  the  epithelium  from 
which  the  tumor  started,  But  thi»  is  by  no  means  a  rule, 
and  exceptions  are  quitv  common.  Quite  frequenily  the 
epithelial  cells  experience  flattening  or  modeling  by  re- 
ciprocal pressure;  and,  in  the  main,  this  modeling  m  the 
more  pronounced  the  greater  the  intensify  of  the  pro- 
liferative processes  and  the  lai^r  the  groups  of  alveoli. 
This  meclianical  effect  of  the  cells  on  one  another  may  in 
itself  lead  to  c»mpidei-aV»Ie  deviations  of  the  cell*  from  the 
original  character  of  the  epithelium  from  which  the  tumor 
originated ;  moreover,  the  shape  of  the  cells  is  afft'cted 
by  the  nature  of  their  growth  ;  even  in  the  beginning 
they  often  present  marked  deviations  from  the  original 
morphology  of  the  cells  of  the  matrix.  Fmm  the  outset 
a  tendency  to  metaplasia  may  manifest  itself  in  the  tumor- 
cells,  and  this  may  be  so  marked  that  the  examination  of 
individual  tumor-elements,  or  even  of  parts  of  metJistatic 
growths,  fails  to  give  any  information  as  to  the  charant«r 
of  the  matrix.  Of  course,  the  morphologic  cliaracter  of 
the  proliferating  cells  does  not  undergo  any  higher  devel- 
opment ;  the  cells  do  not  ln.'eome  more  highly  differ- 
entiated. On  the  contrary,  they  usually  return  to  a  lower, 
more  indifferent  stage;  thus,  Jor  example,  cylindric  cells 
are  converted  into  polygonal  or  cuboidal  elements,  or 
occasionally  into  squamous  cells ;  but  the  inverse  proce^i 
never  occurs.  As  we  have  already  learned  in  the  gen«^^ 
portion  on  Tumors,  the  cells  during  this  metaplasia  nfi 
develop  certain  qualities  which  they  did  not  possess  befog 
For  example,  cornifieation  may  take  place  in  the  metastrf 
growths  derived  from  a  tumor  consisting  of  cyliuqj 
cells;  or  mucous-production  may  be  seen  in  daughT 
tumors  derived  from  a  glandular  cancer  which  ori^|d 


dill  out  produce  mucus.  This  phenomenon  must  be  re- 
gunled  as  a  degeuemtive  process.  Uii  the  other  hand,  the 
tumor-cells  may  retain  for  some  time  the  specific  characters 
of  the  matrix,  and,  under  certain  circumetances,  it  is  justi- 
fiable to  speak  ut'  functional  processes  iu  connection  with 
tumor-celb.  For  exaiiipU',  the  power  to  form  colloid 
substance  may  persist  fur  u  (;ertuia  time  iu  carcinoma  of 
the  thyroid  gland ;  that  of  producing  mucus  in  cylindric 
carcinoma  of  the  gastro-inteslinal  canal ;  and  even  the 
production  of  bile  in  carcinoma  of  the  liver.  In  the 
main,  however,  retrogreasivc  changes  gain  the  upper  hand 
as  the  epithelial  cella  continue  to  pi-oliferale,  and  these 
changes  may  sometimes  develop  wiih  eilreuic  rapidity 
and  involve  enormous  areaa.  As  regards  cell-diviftioQ 
alone,  carcinomuta  as  well  as  sarcomata  present  a  Dumber 
of  anomali^  which  have  already  been  sufficiently  de- 
scribed in  another  place  (p.  213).  Similarly  the  reader 
is  referred  to  what  has  been  said  in  the  same  place 
about  various  forms  of  degeneration — fatty,  mucoid,  cal- 
careous, etc. 

In  carcinoma  tlie  quantitative  relations  between  stroma 
and  parenchyma  are  variable.  The  meshes  of  the  con- 
nective tissue  are  sometimes  extremely  large,  so  that  the 
masses  of  epithelium  form  by^  far  the  greater  portion  of 
the  tumor.  In  fiict,  the  development  of  stroma  may  be 
so  slight  and  insignificant  that  it  is  almost  overlooked  at 
the  examination,  in  which  case  the  tumor,  of  course,  is  of 
a  soil,  medullary  consistence.  In  these  tumors  the  paucity 
of  connective  tissue  is  not  due  solelv  to  the  preponderance 
of  the  protoplasmic  substance  of  the  epithelium  over  ^e 
oonnective-tiasne  fibers,  but  also  to  retrogressive  meta- 
morphosis, especially  to  insufficient  nutrition  of  the  laree 
epithelium  complexes  by  the  imperfectly  developed  blood- 
vessels. These  tumors  are  designated  medullar^  coi-cmo- 
mnki.  Conversely,  the  fibrous  tissue  maybe  well  developed, 
in  whicbcase  the  cavities  are  small  and  usually  cleft-like 
in  shape.  The  nests  of  cells  may  be  arranged  in  long 
narrow  lines  alternating  with  strands  of  stroma,  and  this 
Esults  in   the  production  "f  a  ban!  rancer  or  scirrAiw. 
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Th«ie8cirrbou3f.)rms(Plato74,Fig.l,andFig.XXVI 
are  jiritue  to  be  iiiriueti  wheu  tlie  velocity  of  llie  growtJi  is 
not  great  and  sometimes  wlien  the  tumor  invades  tissue 
wliicli  is  uatnrally  hard  and  sclerotic  in  character.  Somi*- 
times  the  destruction  of  pareuchytnatuug  portions  ii 
of  the  tumor  may  be  foiloweci  by  fatly  change  or  otd 
retrogressive  metamorphosis  and  partial  cicatrization,  w3 
the  ee<x)ndary  formation  of  a  dense,  filtrous  connecta 
ti&iue  and  the  production  in  this  way  of  scirrliotic  areas  ] 
the  tumor. 

A  carcinoma  in  which  the  width  of  the  ulvooli  : 
proximately  the  same  as  the  average  wt<hii  of  tiie  c 
nective-tissue  septa  of  tbe  struma  is  known  as  a  i 
carcinoiiui.      Epithelial    tissue  and   connective  tissue  1 
snch  a  tumor  are  about  equal  in  quantity. 

Owing  to  the  multiplicity  in  tbc  forms  of  carcinoiij 
cells  it  is  difficult  to  utilize  that  feature  as  a  baeU  J 
classification,  and  although  this  has  been  done  repeftte 
and  the  terms  squamous  carcinoma  and  cylindric  earoiai 
have  Iteen  used,  it  does  not  seem  to  be  practicable,  beoanl 
the  determination  of  the  cell  variety  present  in  a  giw! 
case  is  frequently  most  perplexing,  and  because  the  shape 
of  the  cells  may  %'ary  greatly  in  the  same  tiimor  or  in  a 
metastatic  growth  as  compared  witli   the  mother  tumor. 
When  a  certain  type  is  well  marked,  it  may  f)e  justifiable 
to  speak  of  a  squamous   carcinoma  or   a  cylindric  ear- 
ciuoma,  but,  as  a  general  nde,  it  will  be  better  to  l>ase 
the   classification  of  carcinoma  not   u]Kin   the   shape   of 
the    cells,  but,  if   possible,  upon     the  points    of    or' 
of  the   tumor  (parent   tissue).      We,  therefore,   claf 
carcinoma  an   follows:  (1)  Epithelial  carcinoma,  of  ( 
skin    and  of   the    mucous     membranes,    covered 
squamous  epifhellum.     (2)  Epithelial  carcinoma  of  I 
mucous  membranes   covered  with   cylindric  epitheliiij 
(3)  Carcinoma  of  gland-cells  (or  gland-dueta). 


Fig.  xxvnr. 


I 


I 

I 


CAnciAYiMA. 


1.  In  canceTS  originatmg  from  tlie  akin  or  fr 

tnembriines  covered  with  squamous  epithelium  ihe  squamous 

vlls,  i>|Mv!ully  ill  ilif  uarly  aUigea  of  the 
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Tlic!  tumor  Lsiiuliy  urigiiiiites  in  tLe  epithelial  plugs 
which  dip  down  Ix-twteii  two  jtapillie  into  tlio  deep  kyera 
of  coiinwtive  tissue.  Sometimea  there  is  no  doubt  that, 
owing  to  primary  changes  in  the  connective  tisftuefi  of  the 
skin  or  mucous  membniiics,  certain  atypical  pniliferations 
are  prvsent  even  beibre  the  epithcJiul  neoplasm  develops 
the  character  of  a  carcinoma ;  the  occurrence  of  aiich 
atypical  ])roliferatioii  hns  already  l>een  referred  to  in  con- 
nection with  the  epitbeliul  regeneration  (Plate  66,  Fig.  1), 
Atypical  epithelial  proliferation  of  this  kind  is  frequently 
seen  in  sears  and  at  the  edge  of  ulcers,  but  it  would  be  too 
much  to  say  that  in  every  tase  the  primary  presence  of  in- 
flammatory oliauges  in  the  suix^pitlielial  tissue  is  respon- 
sible for  the  development  of  a  carcinoma,  as  vanous 
authors  have  recently  done.  It  is  an  absolute  principle 
that  epithelium  plays  an  active  r6le  in  the  development 
of  carcinoma  even  during  the  initial  stages;  for  even  if 
it  is  assumed  that  inflammatory  processes  may  be  respon- 
sible for  the  appearance  of  dislocated  or  aberrant  groups 
of  epithelial  ceils  in  the  connective  tissue,  which  later  may 
form  the  starting-point  of  carcinoma,  this  does  not  ex- 
plain why  in  these  cases  the  dif-plaeed  epithelium  sud- 
denly develops  the  peculiar  property  of  atypical,  unlimitetl 
proliferation. 

It  appears,  then,   that   solid  plugs  of  epithelium  dip 

down  into  the  connective  tissue;  they  undergo  repeated 

division   and    form    branching   masses,   which  are  again 

united  by  the  formation  of  bridge-like  processes.,  and  thus 

I   a  network  of  epithelial  strands  gradually  extends  deeper 

I         '  The  tpnn  ivourrnirf  whb  fomicrly  used  In  dracribe  these  fiirroB.     So 
long  as  cancers  were  believed  In  grow  from  connective  tissue  those 
ronue  in  nhich  the  cpitht^Iial  character  was  at  once  rccngniicd  v 
regarded  L>niv  us  cancer-like  or  cancroid  neiiplsems.     The  term  c 
oniid  is,  thBrefore,  not  juetiflnble  at  the  pra^nt  day,  rince  we  know    I 
that  hII  cancetiitu  tuiuura  witbuut   esccption  mutt  origiMte   tma^ 
Bpithclinl  cells. 
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TUMORS. 


idvanced  oS^^ 


FIGURE  XXIX. 
Horn}'  Carcinoma  from  a  Section  of  the  Toe  ( 

Prepuratitin.      ■  300.). 

FIGURE  XXX. 
Squamous  Carcinoma  from  tbe  Scalp  witli  Advanced 
generation  of  the  Cells  (  '  o(Ki.  i. 

am!  ilwjHT  inti>  iliu  tissue,  iimlfrmiiit*  the  normnl  I'pillic- 
liiim  laterally,  ami  iu  iminy  plju-cs  Ibriiis  cnnuwliuns  sw-- 
omlarily  with  the  latter,  As  the  tumor  continues  t*^)  gruw 
it  not  infrcniienlly  becomw  nuwd  above  thi?  level  ot  tJie 
adjoining  skin  or  mucous  memhnine,  and  nodular  or  heni- 
isplieric  elevations  are  ibrmwi.  The  main  liody  of  the 
coll  usually  exhibits  the  character  jiecnliiir  to  the  elemems 
of  the  rete  Malpighii,  the  stratum  spinosum.  Sometimef^ 
the  spines  and  ridges  on  the  individual  cells  are  distil 
discernible  even  in  extensive  proliferations ;  iu  feet, 
may  be  unusually  well  developed  and  distinctly  show 
protoplasmic  processes  bridging  over  tbe  lines  of  cement. 
Quite  frequently  all  the  normal  layers  of  the  epidermis 
are  reprotUiced  in  the  tumor.  In  such  cases  tbe  stmnd* 
which  dip  down  into  the  tissue,  as  a  nde,  exhibit  a  con- 
eentric  stratificatifm,  the  layers  of  whii-h,  in  transverse 
sections,  appear  circular  and  From  without  inward  exactly 
repniduce  the  structure  that  is  so  well  marked  in  the 
normal  epidermis  from  below  upwartl.  Sometimes  the 
concentric  arrangement  is  especially  well  developed  in 
some  of  the  latter  strands,  giving  rise  to  the  formation 
of  structures  that  surest  the  successive  layers  of  an 
onion;  as  the  inner  portions  of  such  a  structure  are 
usually  oornified,  they  are  designated  cancroid  penr/x  or 
cancer  pcarb  "(Plate '71,  Fig.  1  ;  and  Plate  72,  Fig.  1). 
The  outer  portions  of  tlie.se  concentric  kxlieg  arc  usually 
formed  of  individual  cells  which  cnrresi>ond  to  the  ba^l, 

fBrminal  layer  of  the  normal  epidemi.  Next  to  this  is  a 
road  layer  of  ])olyhrdral  or  spindle-shaped  epithelial 
cells,  which  exhibit  an  accumulation  of  kcratoh^aline 
granules  in  their  protoplasm,  progressively  increasing  in 
quantity  from  without   inward,      Tf 
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as  a  nilf,  f(irm«!   by    flat,  wimiilctply  cnrnififd   scales, 
absolutely  void  of  nuclei.     The  center  of  one  of  these 
epithelial  pearle  fiomctimcfi  contains  peculiar  degeneration- 
products  of  cells,  which   tinctorially   exhibit   a   marked 
contrast  to  their  surrroundings  (Plate  71,  Fig,  2);    tor 
L  instance,  they  stain  very  tlceply  with  etisin  or  fuchsiii. 
[  In  addition  to  the  concentric,  imbricated  epithWial  celb, 
spherit:,   drop-like    dcgeneratioD-prodwcts   of   such   cells 
may  be  present.     Occasionally  hyaliuo  or  colloid  degener- 
ation may  l>e  present,  as  well  as  debris  of  cjiithelial  nuclei 
[  or  ()f  leukocytes  that  have  invaded   the  iutcvior  of  the 
pearls.     All  these  structures,  which  somewhat  resemble 
I  foreign    ImkHcs,   have   repeatedly   been    regarded   a«   the 
L  parasites  of  carcinoma  by  tlie  supporters  of  the  parasitic 
I  theory  of  the  etiology  of  cancer. 

r      This  form  of  carcinoma,  which  is  accomjMinie".!  by  the 
[  fiirmation   of  epithelial    masses   in   the  shape   of  pltigK, 
strands,  or  trabeculoe,  may  be  said  to  represent  the  regular 
type  of  the   squamous-cell   carcinoma;   although    torms 
occasionally  occur  in  which   irregular  accumulations  of 
squamous  epithelial  cells,  modelled  by  mutual  pressure, 
are  produced,  and  in  which  it  is  impossible  to  recc^iae 
I  any  oonoentric  arrangement   and  any  repetition   of  the 
I  physiologic  structure  in  the  stratification.     The  srjuamous 
'  character  of  the  epitheliiim  in  these  forms  may,  however, 
[  show  itself  distinctly  in  the  extensive  comification  which 
I  takes  place  (Plate  72,  Fig.  2) ;  in  fact,  the  tumors  may 
'  consist  mostly  of  horny  epithelium.     In  that  case  only  a 
I   few  of  the  epithelial  cells  retain  their  nuclei.     The  nuclei 
e  surrounded  by  innumerable,  irregular,  usually  circular, 
sometimes  dentate,  keratohyaline  granules,  which  take  a 
dark   stain  with    hematoxylin   or   oamiin.     In  addition, 
'  cells  are  found  containing  horny  material,  either  at  the 
edges  only  or  in  a  large  portion  of  the  proloplasm.    Some- 
'  times  the  cornification  in  lai^  groups  of  these  squamous 
cells  is  associated  with  a  fatty  degeneration  of  the  cells. 
In  recent,  teased  preparations  they  are  then  lound  filled 
with  innumerable  fat-droplets,  and  even  in  ii  stained  sec- 
tion  the   round    vaciirilp.*   nTf    still    i" 


PLATE  71. 
Fi3,   1.— Carcinoma  of   the  Penis  |H<-mi>t.-«w£in. 

1,  Epitheliul    phiy    «iili    lUiIt.ii.:d  oIUit  Ihvlt  (L'j ;  3,  foniillwl  t 

Klu.  :i.— Structures  KesembllnK  Parasites  Within  I 
noma  Pearls,  from  a  Carcinoma  of  tbe  Lower  Lip  iMt'n 

csin.       s  «4«.l  ;    I,  Nwlri  ..I'  iHry..  Aal  .■(.kli..liiil 
llieliu,  souio  of  llitrm  siigKUstiiij!  in   llinr  aiTBTigcriioiit  tin- hUi-rn 
liiyer6oriiiiu;iii.n,  inU-nwlj  ttiiin.-il  with  wwii ;  3,  del.m  ..f  i-pilli^ 
urid  of  luuktK'yU'k  lliut  Uovl-  iiiviulLHi  tlic  pearl. 

PLATE  72. 
KiG.  L— Epithelial  ComUicatlon  in  ■  Skin  Cancer  of  tbe 

Penis  (UcniDt-cwin.     »  040,):  1,  Liirgi-  pclvgininl  iiiid  Hut  iniLri- 
cnUil  cpitholinl  fellt ;  2,  kpniUiliynline  gniniilts  within  iho  sumo ;  S, 
epiUieiial  cclU  that  huvK  limt  Ibuir  iiui-k>i ;  4,  cnrDiHoii  inner  z<mv. 
Fid.  *2.— CtMuiflcalioo  In  a  Carcinoma  of  the  Skin  of  the  ^ 

Toe  (Catmiti-Grftm   slain,     x    625.):   I,   NudeuUil   ppillipli»l   iwlU 
with  manj  keratohvalino  grnnulcfi;  2,  nuclenlcd  oeltn,  inoatly 
state  of  portiiflcktinn  ;  3,  solid  horn;  mauea  without  nuclei;  4, 
Ta(!Uules  within  tlie  wnie. 

hoFDj'   cells   (Plate   72,   Fig.   2).      The  stroma  of 
squamou^-cell  caivinoma  is  oft^n  densely  infiltrated 
round  cells  ;  for  tlie.se  tbrnis  are  usually  in  direct  oomi 
nicatioD  with  the  skio  or  with  a  mucous  surface.  _ 

as  the  result  of  maceralion  or  a  solution  of  continuity  m 
the  surface,  ulceration  ha.*;  taken  pluoe,  parte  of  the  struma 
are  particularly  likely  to  be  found  immediately  below  the 
surface.  The  result  is  a  dense  iuiiltration  of  the  inter- 
stitial tissue  with  round  cells,  and  especially  with  leuko- 
cytes also,  which  may  be  so  intense  that  individual 
portions  of  the  tumor  undoi^)  actual  suppuration.  The 
epithelial  layers  are  then  also  thickly  infiltrateil  with 
leukocytes.  The  epithelial  cells  usually  nndei^  marked 
fiitty  dejreneratifm,  and  in  this  way  the  superficial  porliua 
of  the  tumor  may  he  exfoliated  or  consumetl  by 
cyte,*,  as  it  were.  Sometimes  putrefaction  of  a  poi 
the  carcinoma  may  take  place  as  the  result  of  the 
of  putrefactive  fungi. 
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tarcuionn  after  the  Ivjie  of  thn^e  Ju^t  dew-ribed,  with    ^^M 
oornifltiitiou  cither  nt  the  center,  in  the  form  of  pearly    ^^M 
Btructurcs  or   in   the   form  of  diffuse  deposits  of  homy    ^^M 
mitcrnl,  miy  oriRinate  not  only  in  struitnres  normally    ^^M 
wvtrcd  with  MqiiunoiiB  cpilhtliuir,— i    t ,  the  skin  and    ^^| 
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memhrane^f, — but  m^\^   also  occ 

carcinoma  of  the  trachea,  the 

uterus,  the  pall-bladder  etc     1 

f  hornv  ntntenil  ])ro\.«  nnthini^ 

ur  meta-      ^H 
stomach,       ^H 
bend?  the      ^^H 
in  regard^^H 

PLATE  7i- 
— Smple  Carcinoma  of  the  Mammary  QluKt  lUvn 


Flu.  <!.— Metastatic  Simple  Carcinoma  in  the  Dura  t 
(Hemitt-CHitm,  I JO.) :     1,   Solid   fpillii'linl   (iliigs   IjSng    with 

•IvRiiti ;  2,  ittmiiiu. 

PLATE  7J. 
Kid.    1— Scirrhus  of    the  Mammary  (iland  (Ult 

..  60  ; :    I.  Bn™l  i.iii-s.'s  uf  (11,r..ii»  .^imnwUvo  lUu... ;  2,  Itur 
mhfli«.i,..rL'.niinvliv.ili»*ii.>;  «,  iium.w  cijriiir-L.l.mli. 

Fii,.  L'— From  a  Simple  Carcinoma  ot  the  Mammary  Qland, 
with  Partial  Myxomatous  Degeneration  of  the  IntersUUal 

Tissue  (HCI.1.11.-C.W.1.       ■    yiXI,):    1,    Alv,...li  UlloJ   «iil.  .[.itlu-lLttl  ^ 
jiluge ;  \i,  con  nee  live- tifisui-  stroina  ]  3,  part  uf  tlic  tlrMiiia  i 
myiomHtoiu  dcgenuntiDti. 

f^LATE  7i. 
Fio.  1.— From  a  Colloid  Carcinoma  of  the  Mammary  Ola 

(Heiniit.-aij«in.      •   01!.  i :   1,   Heavy  Jtrundi-  of  conneclivi' 
nista  (if  epitbeliitl  cells  in  h  ^tate  uf  niuoid  Ut-generaticTi ;  3,  cpitlieli 
(wlle  af^r  complete  mucnid  d^entrutiun ;  4,  alveolar  apiictw  in  ' 
^p>  have  been  fonned  ob  a  result  of  the  burdening  of  Uie  soft  m 
epithelial  celU. 

Fig.  2. — From  a  Colloid  Cancer  of  the  Stomach  (Bemat.- 
eotin.  V  72.):  1,  Connective-tissue  atromk;  2,  E^pithetial  remuins; 
8,  empty  alveoli  with  degonerated  epithelinl  cIls. 

to  tliL-  nature  of  the  tissiu-  from  wliioli  siicli  a  tumor  has 
sprunp. 

2.  Oarcmoma  orifin&ting  in  mucous  membrane  a  corered 
with  cyllndric  epithelinm  u.^nmlty  exhibits  in  it^  gub»^iient 
develonmcnt  a  gland-likt^  slruolure  in  the  arrangement  of 
the  epithelinl  mn-ssRw.  Tlic  cvlindritr  epithelium,  like  the 
sqiianioiis  variety,  also  niiwhes  its  way  rapidly  into  the 
depth  of  the  tissne  ;  at  the  same  time  the  glandular  tubes 
receive  an  epithelial  covering  of  several  layers  and  pro- 
liferate into  the  subjacent  oounective  tissue,  ttie  subniuoosa, 
and  the  adjoining  sttaW 
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Sii  long  as  the  glandular  type  is  iiri'servei)  and  the  wm- 
lectioii  witli  the  cyliudric  epithelial  crypts  of  the  surface 

distinctly  recogniznblc,  the  term  (iihnoeaivinomn  i»  n»ed 
^  'late  72,'  Fit^.  I  tintl  2).  Quite  often  tbe  glandnlar 
character  of  ine  cells  is  preseni'cd  distinctly.  Even  in 
the  carcinoma  of  tins  group  golilet-cclLs  are  often  found 
in  lai^  numbt^re,  their  dcvftopment  being  precisely  the 
!^me  as  Ihiit  which  takes  phice  in  nurnial  inncous  lufm- 
hranes  or  in  the  epitheliiil  tumors  of  typical  structure. 
Primarily  typical — /.*•.,  iidcnDmutniis  or  papillary* — tuninrs 
may  become  the  seat  of  such  adenocarcinoma,  the  epithe- 
lium suddenly,  and  without  recognizable  cause,  and  aft«r 
the  tumor  ba.*  existed  for  sime  time  as  a  clinically  benign 
growth,  beginning  to  undergo  degeneration  and  exhibiting 
-an  aggressive  attitude  toward  the  neighboring  tissues. 

By  mutual  flattening  and  crowding  the  (rcUs  of  such  a 
ircinoraii,  although  origiually  of  a  purely  cylindric  type, 
may  become  polygonal  or  cuboidal.  Sometimes  the  tumors 
bulge  in  the  form  of  polvpoid  excrescences  above  the 
suriaco  of  the  mucouH  membrane.  The  growth  may, 
however,  be  exceedingly  rapid,  in  which  case  the  character 
of  the  cells  becomes  usuallv  more  and  more  indifferent 
(Fig.  XXVII.). 

3.  The  KUK-ors  thiU  tnrm  the  third  main  divi-ion  U'gin 
in  the  epithelial  glands  of  the  mucous  and  sttin-slands  or 
in  tbe  epittaelinm  of  tlie  large  glandular  organs.  These 
tumors  also  mUHt  Ih'  assumed  to  originate  ill  s<)me  definite 
point,  from  which  the  irregular  gmwlli  into  the  Nurronnd- 
inp  tissue  takes  its  beginning,  so  that  the  adjoining  normal 
gland-tissue  In  this  case  also  Is  destroywl.  In  the  case  of 
glandular  carcinoma,  which  is  surrounded  on  evei^r"  side 
by  glandular  parenchyma  and  exhibits  an  expansive 
growth,  there  is  no  reason  to  suppose  that  the  enlarge- 
ment is  the  result  of  an  abnormal  growtii,  progressively 
involving  lai^e  complexes  of  cells,  one  after  tbe  other; 
glandular  tumore  also  grow  unicentrically. 

In  small  glandular  carcinomata  it  is  sometimes  possible 
to  follow  the  growth  quite  aeenrately  :  in  a  circumscribed 
■  if«na  of  the  breast,  for  ioi^tniicc.  Itibitlc  con'^isting 


(X  T.I.).     ^fflP 


FIGURE  XXXI. 
Simple  Carcinoma  of  the  Munmary  Glaad  (  x  Ti). ) 
\i!{i  uU'W,  niirmul  iiiuiiiiniiry  timie ;  below,  in  tlic  middle,  iind  Ui  llw 
left,  a  croM-*Pctioii  uf  un  ni^trU'ry  dui^l;  tu  llic  left  below,  k  tubul« 
with  eeveml  \n\eK  of  (.•[lUlii'lluni ;  to  tho  right  nbovu,  lubulra,  Tor  tba 
most  purl  liUwi  with  prdif'-rali'd  tsalh;  to  thn  rigbt  l«biw,  larga 
epithelial  niASPes,  siniiu  i>f  the  ('«11»  of  whieb  are  partially  dogciictvud, 
and  between  them  a  densely  inllltmted  uunncctiva  anil  fatty  tiuiue. 


PLATE  76. 
Fid.  I— MeUstatIc  Carcinoma  In  an  Axillary  Lymph-Klaod 
Secondary  to  a  Carcinoma  of  tlie  Mammary  Gland  (Uemat.- 

nsin.  X  :n>.)  :  1,  <.'oiiiii!i.'UM'-ti<.''uu  oupsuli^;  1',  iimririnal  fiiiua,-  8, 
Cftnti'M'rlle  in  the  iiuiri;inal  biniis  ;   4,  degi'nerHt^<l  luiiinr-iniisstiH. 

Vki.  2.— Metastatic  Carcinoma  la  a  Subperitoneal  Lymfdi* 
cleft  In  the  Intestine,  Secondary  to  Carcinoma  of  tbe  Uterus 

I  Hemul.-eosin.  v  42.):  1,  Intistinal  kiulmw  tiienibmne  j  2,  sub- 
itiuci>sa ;  S,  niuBCMlurie ;  4,  puritoneuni ;  G,  nietustntiu  cHrciiioma  in 
ihu  BubporilonuiU  l^mph-cleft. 

FIGURE  XXXII. 
Peribronchial  Carcinomatous    Lymphangitis.     (UetasEatic 
Careiniima  Nodules  in  ihu  Ppribronuliiul  Lymph-vissplB  Soconda-ry  to 
Cano-er  of  the  Maiuniarv  Gland,  Aflec  Invasion  uf  tho  Pleural  CarltT. 
y  280.) 

of  severni  layers  are  first  observe*! ;  gradually  thev  are 
fillwl  with  proliferated  epitlielial  cells,  which  tben  break 
through  the  Burmuiiding  memhmna  propria,  and  finally 
invade  the  surrounding  connective  tissue  or  gland-parcD- 
cbvma  (Fig.  XXXI.).  Again,  therefore,  the  first  st«-p 
is  tbe  forraation  of  cell-tubules,  and  the  term  "adeno- 
carcinoma" might  properly  be  applied  to  ibis  variirtv 
also.  Sometimes  cystic  dilatations  ap|>ear  in  the  etnitified 
cellular  aggregations  or  complexes  fmm  an  aoeiimnlation 
of  secretion  within  the  Irimen,  while  at  the  same  time  the 
advancing  proliferation  coutribut*,?  to  the  onlai^ment  of 
the  cyst-wall.  As  a  rule,  however,  the  ejiithelial  cells  ar- 
flattened  by  mutual  pressure  and  reiUiced  (o  jiolygoiu 
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fetructiire?,  and  (he!>e  carciuoinata  fiirnisb  the  muin  l^hi- 
tingent  of  the  ao-called  simple  caret  no  mata,  in  which  the 
proliferation  of  stntma  and  tiimor-parenehyma  goes  on 
uniforiuly,  and  solid,  cummunicuting  epithelial  masses  of 
moderate  size  arc  produced.  Of  coiiree,  there  may  be 
variatiuiiH  in  the  development  of  the  stroma,  resuitinK  in 
the  production  of  types  approaching  the  soft  medullary 
carcinoma  or  of  scimius,  in  which  the  connective  tissue  ia 
more  abundant. 

The  enlargement  of  the  tnmor  is  effectetl,  as  stated,  by 
an  infilirating  growth,  during  which  additional  prolifer- 
ating groups  of  epithelial  cells  penetrate  the  surroucding 
tissue.  All  the  individual  parts  of  the  tumor  are,  there- 
fore, in  communication,  iiud  the  growth  is  continuous.  In 
the  course  of  its  progress  the  neoplasm  may  enter  the 
lymph- and  blood-channels;  rupture  into  a  vein  is  quite  as 
frequently  ol^erved  as  in  the  case  of  sarcoma.  Particles 
of  the  tumor  may  then  be  carried  by  the  lymph-  or  blood- 
stream to  distant  areas  in  the  biidy  and,  being  endowed 
with  an  intriusic  power  of  multiplication,  may  give  rise  to 
a  fresh  tumor-node  of  the  same  type — metastatic  tumors 
are  produced.  When  carcinoma  spreads  by  way  of  the 
lymph-stream,  retrograde  transplantation  is  frequently  ob- 
served as  a  result  of  occlusion  of  certain  lymph-channels 
by  carcinomatous  thrombi  or  ]troliferating  tumor-masses 
and  iwrtial  reversion  of  the  lymph-stream.  Sometimes 
lymph-vessels  surrounding  a  carcinoma  are  completely 
injected  with  masses  of  epithelial  cells  {carctnottiatoita 
h/mphanffUU).  This  is  particularly  the  case  in  the  lymph- 
atics of  the  serous  membranes  and  of  the  lungs. 

Tn  such  cases  it  is  often  found  that  the  vessels  are  com- 
pletely stuffed  with  closely  packed  epithelial  cells.  The 
part  playe^l  by  the  endothelium  in  this  process  is  entirely 
passive,  Either  it  atrophies  or,  if  the  carcinomatous 
pmlM)li  are  arrested  and  thus  obtain  a  firm  footing  in  the 
lymph-vessel,  as  it  were,  it  may  proliferate  secondarily 
and  contribute  part  of  the  stroma  of  a  metastatic  tumor 
produced  in  this  way  (BorstV  In  the  lungs  a  r<^ular 
■niecfion  of  the   lytujih-vrssi-ls  wilh  e:irrinoniri  cell*  fro- 
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PLATE  T7. 

Fto.  1.— Carclooniatous  Embolus  of  Ibe  Lung  tm  m  Oweef 
Primary  Carcinoma  of  the  Uterus  ilK-niiit-tiiain       ■   :;w)  . .  t, 

Pulnicnary  Dlve->U  ;  2.  iiiU:.<.'ulHr  in\'^r  ..{  tli»  pilinMnan'  iiru-n  i  ;i. 
thrombua  cun^t^tinii:  uf  l>li.Njil-)ilui>'l.:t)<  niiij  1cuki>i-v|ii-,  ntl»>-liixl  I/.'  lliv 
muccuUr  Invvr  ;   i.  Icr^e  •.'[•ilbitial  Lilln. 

Fiu. :;.— Carcinomatous  Thrombus  in  a  Branch  of  the  Portal 
Vdn  In  a  Case  ol  Primary  Cancer  of  the  Stomach  ,IIi-niKL- 

•mill,  ■  280.J :  1,  Livur-liesup ;  'i.  wnll  of  bmtich  ••t  purtal  1  ~"^* 
~    '  '         »  celU  lying  frt*  vittiin  the  lumen  of  the  |' 


Silently  takes  (ilaw,  especially  when  the  tutnor  has  invn<)e<I 
le  pleural  eavity  an<I  has  given  rine  to  an  exiidativt? 
pleuritis.  In  tins  atsv  the  tnmor-colls  siie[)cn(k<d  in  llic 
exudate  are  absorbed  by  the  lyniph-VL-sseln  and  nn>(.H-ftl  u> 
pMliferate  in  tlioir  ohannels.  The  pi-rihrnnciiiu]  and  ppri- 
vascular  lymph-clefis  are  often  fuund  filled  with  lumnr- 
thrombi  (Fig.  XXXII.)  (compare  als..  Plato  76,  Fig.  3). 
When  portions  of  carciiinma  are  carried  by  the  lyniiili- 
stivani  as  far  as  the  Ivmph -glands,  the^^  beeunie  ilt*)Kii'itti] 
and  first  multiply  in  Ine  sinusee,  pi-j>eoiiilly  in  the  mnr^insi 
sinus.  The  latter  may  be  comideifly  fillril  willi  closely 
|»acked  epithelial  masses,  while  the  inner  portions  of  tlii; 
gland-tissue  remain  intact.  As  the  tiini'ir-eclls  txintinite 
to  grow  the  Ij-mphocytea  an^  crowded  nut,  Ihe  folliries 
disappear,  and  the  stroma  is  produced  from  the  glandiilur 
reticulum  ;  later  the  tumor  break.**  through  the  capeulc  uf 
the  lymph-node. 

Carcinoma  may  invade  tlie  circulation  in  one  t 
ways:  it  mny  either  proliferate  into  the  caiiillaries  and'^ 
epithelial  plugs  may  continue  to  grow  w*ithin  these  \ 
until  they  reach  the  veinf,  or  ihe  thin-walled  veins  them- 
selves may  become  intiltniteil  by  the  Innior,  usoally  by 
way  of  the  perivascular  lymphatic  vegsels'when  tamor- 
particles,  after  they  have  broken  through  the  endotbditim, 
are  washed  away.  When  the  greater  circulation  lias  been 
entered,  the  metastatic  masses  are  carried  to  tlie  rig^l 
heart  and  \ea,4  to  emliioUsm  of  the  pulmonary  vea 
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Accordingly,  carciDomatoui^  emboli  are  quite  frequently 
(bund  in  small  pulmonary  urt^rioi-,  and  aa  they  fin^t  cnutte 
coiignlatiiin  of  the  blood  uoil  disintegration  of  the  cor- 
pu!«^le«,  they  are  usually  found  imbedded  in  thrombus  at 
the  point  where  they  liave  been  arrestee!  (Plate  77,  Fig.  1). 
OaR^inomata  situated  in  the  area  which  supplies  the  |)ortal 
system  iniite  frequently  invade  the  brani^hes  of  the  portal 
vein  ana  cause  transplantation  of  tumor-particles  to  tho 
liver,  where  they  make  their  way  through  the  vessel-wall 
and  form  the  germ  of  metastatic  tunwrs  (Plate  77,  Figs. 
I  and  2). 

Microscopic  examination  of  these  particles  of  carcinoma 
lying  within  the  blood-vessels  Hhows  better  than  anything 
else  that  the  epithelium  is  the  necessary  and  essential  ele- 
ment in  the  spread  of  the  tumor;  for  the  tumor  emboli 
which  are  formed  consist  almost  always  exclusively  of 
loose  or  elosely  pricktHl  epithelial  cells  without  a  vestige  of 
stroma,  the  latter  being  proiluoed  secondarily  by  the  sur- 
rounding tissue  after  the  cells  had  deposited  themselves, 
possibly  at  first  by  the  proliferation  of  the  eudotheliul 
cells  of  the  blow!-  or  ly mph- vessels, 

The  so-ealled  iniliffiiaitl  chorhn-tumor,  described  by 
Marchand  as  si/mylial  carcinoma  or  choriocarciuoTH'i. 
may  be  placed  side  by  side  with  carcinoma.  This  form 
of  tumur  develop*  fixim  the  epithelium  of  the  chorionic 
villi  of  the  placenta  and  from  Ijnnghuns'  cells.  Tlie 
syncytium  and  the  Langhaas'  cells  are  usually  repn-- 
sented  alwnt  equally  in  the  primary  tumor*.  Tlie  gniwtli 
is  often  associated  with  the  formation  of  a  cystic  (hydatid) 
mole,  a  myxomatous  di^neratioti  of  the  chorionic  villi,  in 
which  prof i fern tion  of  the  villous  epithelium  in  often 
demonstrable.  The  principal  portion  of  the  tumor  con- 
sisLs  of  irregular,  broad  and  narrow  fnil)ccnlffi  and  Uinds 
of  a  continuous  mass  of  pmlnplasm,  pien^fnl  by  numerous 
vacuoles,  in  whiclr  the  outlines  of  individual  cells  are 
barely  discernible.  The  largest  nuclei,  which  are  rich  in 
chrrmiatin,  often  of  irregular  shape,  are  scattered  about  in 
till'  prntii|)l:i-mif  iiiiiss  in  atrgregate-s  of  varying  density. 
I'i''-e    Inilni'iiliK'    luiitc    to    tomi   a  network  surrounding 
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alveoli,  containing    largt-,  palt-,  vesicular   cells  with        

intensely  staining  niicloi,  which  are  often  in  a  ooiidition 
ijf  mitosis,  and,  judging  from  their  «ha|)c  anti  spatial 
relations  to  the  syncytium,  must  be  regarded  as  the  de- 
scendants of  Ldnghans'  cells. 

These  tumors  invade  the  muscular  tissue  of  the  uterus 
and  its  blood-vosseU,  and  occa^iiunally  lead  to  multiple 
metastases  in  the  body,  particularly  in  the  lungs.  In  the 
metastatic  tumors  the  syncytial  arrangement  is  usually  leas 
distinctly  dist«mible.  The  protoplasmic  mass  is  ofleii 
broken  up  into  sliapelcss,  multinuolear  giant-cells,  or  intu 
smaller,  nuclttar  elements,  nor  are  T^unghans'  celU 
distinct  as  iu  the  primary'  tumors. 


ENDOTHELIOMA. 


1 

lelial 


The  neopla.'ini.i  known  under  the  name  of  endotbelii 
occupy  a  special  position  in  onkolt^y.  They  may  be 
to  be  intermediate  between  connective-tissue  and  epittielii 
neoplasms.  While  in  a  genetic  sense  they  resemble  thi 
first  group,  and  hjive,  therefore,  frequently  been  regarde<I 
as  a  subdivision  of  sarcoma,  tlieir  morpliologic  proi>erties 
are  snch  as  to  bring  them  nearer  the  carcinomatous  neo- 
plasm-'. It  is  true  that  both  macroscopically  and  histologi- 
cally the  mori)hology  is,  as  we  shall  see,  extremely  variable  ; 
and  it  is  often  very  difHcuIt  in  a  given  ca>w  to  recogniw?  the 
endothelial  character  of  the  tumor.  Accordingly  the  term 
cuivhioma  sarctymatoden  or  mrcoma  carcinomatodes  has 
been  proposed  for  these  difficult  transitional  ibrms;  but 
as  it  is  preferable  to  base  the  claseification  of  a  tumor  on 
Itistogenetic  principles  whenever  it  i."  |>ossible  to  do  so,  we 
oannnt  well  dispense  wilh  the  conception  of  endothelioma, 
and  iu  a  good  many  instances  it  is  quite  [>oasibIe  to  trace 
the  origin  of  the  tumor  to  endothelial  cellit. 

It  first  I)ecomes  neces!»ary  to  state  clearly  what  kind  of 
cells  arc  to  be  designated  endothelial  cells,  for  in  thU  re- 
spect anatomic  nomenclature  leaves  mucii  to  be  desireii  in 
the  way  of  uniformity.  Disregarding  individual  raorpho- 
lojpc  differei\ceSi 'Kc u^vW  ^^^  **'''™  "endothelium"  ' 
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[  those  cells,  Usually  of  the  squamous  tj'De,  and  iircsfiuing  a 
arrangement,  wliitrli  line  tlic  Wood-  and  Ijmpli- 
-essels,  the  lymph-clefts  of  the  connective  tissue,  and  the 
erous  cavities  cif  the  body.  Recently  many  anatomists 
-have  also  applied  the  term  "  epithelium  "  to  these  cellular 
elements,  but  there  are  both  genetic  and  pathologic  reafions 
why  it  is  better  to  make  a  distinction  between  them  and 
itrue  epithelial  cells;  for,  in  the  ^r^t  place,  it  has  been 
positively  established  by  recent  investigators  that  all  these 
(ttruclurea  are  derived  from  the  intermediate  germinal 
layer  (mesoderm),  while  true  epithelium  is  either  an  ecto- 
'dermal  or  an  endodermal  formation.  Another  im{)ortaiil 
'reason  for  grouping  togctiu'r  the  cell*  which  line  the 
serous  cavities  of  the  body  is  that  they  arc  all  capable, 
under  patholt^ic  coudltions,  of  furnishing  fihrohlasts — 
/.  «'.,  cellular  elements  capable  of  functionating  as  the 
predecesjujrs  ut  citnneefive-tissue  cells  and  of  secreting 
from  their  protoplasm  a  collagenous,  fibrillar,  intercellular 
gulistance. 

The  micr€»copic  jucture  of  endothelioma  is  extremeJy 
variable ;  it  may  approach  the  type  of  a  true  epithelioma, 
either  the  adenoma  or  eystadenoma,  or  a  carcinoma ;  ou 
the  other  hand,  the  structure  may  be  so  diffiise  as  to 
render  the  distinction  from  sarcoma,  especially  alveolar 
sarcoma,  extremely  difHcult.  As  the  more  or  ie?s  exten- 
flive  cell-aggregations  frequently  contain  at  their  centers 
blood-veswels  whose  walls  are  intimately  connected  with 
the  surnnniding  cells,  this  variety  of  tumor  has  frequently 
been  designated  aiigioHarconta — !.  e.,  a  tumor  consisting 
of  vascular  and  connective  tissue,  a  name  that  may  be 
juatillahle  when  applied  to  a  tumor  having  its  origin  in 
certain  definite  cellular  constituents  of  the  vessel-wall, 
which  also  belong  to  the  connective-tissue  group.  It 
would  lie  altogether  improper,  however,  to  designate 
every  sarcoma  that  is  abundantly  supplied  witii  blood- 
vessels an  angiosarcoma,  thus  implying  a  combination  of 
a  vascular  tumor — !.  t.,  an  angioma — with  a  tumor  con- 
sisting of  roune<'tive  tissue  of  a  juvenile  type — i.  e.,  sar- 
in onler  to  avoid  such  ambiguity  it  seems  i 
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PLATE  78. 
Fio.  1.— Endothelium  of  the  Pleura  (Hemat.-eiMin. 

1,  Thii'lcened  flfum  ;   L',  llul  l■el^^  ;   'i,  jmlvbiyiral  cells  wilh  abundiiii 
prutdplniiii. 

Fill.  2. —Blood-vessel  Endothelioms  (PerlthelioRiaj.  will 
Hyaline  DeKeneratton  Cylladroma— -from  the  Jaw  (Ukv 

CHjsin.     V  ^m.\:   1,  Surviving  ^ndutbdium  in  (2i  wtii^U  wiili  U.val 
walU;  3,  prulifcmw^  jwrithi'Uiil  cell-nmssBs. 


FIGURE   XXXlll. 
Capillary  Endothelloina   from   the  Testicle  of    P^m 

Stnicturefx    (l';.|:    1.  lnt^rUiing  tub™  uf  pmlif'Talwi  --ndr.t" 
■?e1U;  2,  cystic  caviUes  liiiod  with  endntheliuin  ;  :l,  I'oniiM-liviv 


FIGURE  XXXIV. 
The  Precedlnz  Figure  In  Detail  (  x  2»). ) : 
I,  cuvilii*  iurniiiiideii  by  enduthclinl  ot-lls,  stun 
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Ui  €scliew  the  lerra  angiosan-'onia  and  substitiito 
place  the  WTxa  endothelioma,  at  ilie  same  time  aocrptiiig 
the  nomenclature  which  naturall)'  follows  from  tin;  at' 
tion  of  that  word. 

As  in  the  case  of  vascular  tumors  of  typical  etrai 
neoplasms  dorivwl  exclusively  from  endothelial  cells 
be  dividetl  ulw)  into  thnw  consisting  chiefly  of  eiidotheli 
from  hniph-vesscls  or  lympU-spaccfi,  ami  those  which 
orijjinatc  ti-om  the  endothelium  of  bloixl-vessels.  The 
fi>rmor  would,  accordingly,  he  designated  lymph-veswel 
endothelioma  or  iumphangio^ndolhftioma,  and  tlie  latter 
hluod-vesael  endothelioma  or  hemanglo-^ulniheliomn.  As 
will  be  shown  presently,  the  latter  trroiiji  must  alw>  in- 
clude tnmors  which  take  their  origin  in  mihiihclial  cells 
which  form  the  lining  of  perivascular  .'>[i(:ilhs.  Allhough 
the  latter  are  chiefly  lymphatic  In  nadirc-,  the  Innmrfi  to 
which  thev  give  rise  cannot  ln'  separated  fnmi  their  native 
soil,  the  liiood-vessel  wall.  These  cells  arc  known  a= 
perithelial  cells,  and  the  tumors  to  which  ihey  give  rise 
are  called  perithelioniatii. 
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A  lymph-vessel  endothelioma  k  composed  ia  i:h(> 
□aio  of  (.'ell-conis  consintiiig  oi'  s^iiiiimoui^,  rhoniboidal  or 
I  BpiinlI<-'-sliaiH'<!  wlls  ill  close  apjiofiition  to  one  anotLer. 
These  continuous  cui-dh  and  tuljes  ol'  cells  are  exlremL'ly 
variable  as  regards  tlieir  caliber,  and  in  sections  tJier,  of 
course,  exliibit  the  same  alveolar  structure  as  tlie  identi- 
cally tbrnied  epitbelial  tumors.  The  cell-cttrds  are  accom- 
panie<1  on  their  outer  sid^  by  a  vascular  stroma,  the 
meshes  of  wbich  are  forced  apart  and  inliltratfd  by  the 
cellular  ppillferation  of  the  lymphatic  endothelium. 
Sometimes  the  occlusion  of  the  affected  lymphatic  vesselfi, 
due  to  the  cellular  proliferation,  is  not  complete,  the 
growth  taking  place  chiefly  in  the  direction  from  within  * 
outward  and  leaving  tubes  and  canals  lined  with  several 
layers  of  cells.  The  individual  cells  of  these  tubes  may 
experience  considerable  increase  of  their  protoplasm  and 
enlarge  until  they  form  large  epithelioid  iiitructures.  In 
this  way  gland-like  cell-aggregates  are  formed  which  at 
the  first  glance  strongly  su^^est  the  picture  of  an  adenoma, 
or,  if  they  consist  of  several  layers,  the  strut-ture  of  an 
adenocarcinoma.  As  a  rule,  however,  tlie  close  genetic 
and  morphologic  connection  between  the  cells  of  the 
tumor-parenchyma  and  those  of  the  tumor-stroma  h 
shown  by  the  presence  nf  protoplasmic  procesaes,  which 
can  l>e  traced  from  the  former  into  the  adjoiniug  stroma, 
as  well  as  by  the  preeence  of  the  slender  intercellular 
substance,  composed  of  eel  I -processes,  which  is  occasionally 
^formed  between  the  cells.  While,  therefoiv,  these  tumors 
are  distinctly  different  from  carcinoma  in  this  resj>ect, 
they,  on  the  other  hand,  bear  a  moft  perplexing  re8eml>- 
lance  to  the  type  of  those  tumors  which  have  l»eeii 
described  above  as  alveolar  sarcoma.  In  fact,  the  classi- 
6cation  in  a  given  case  may  be  so  difficult  that  it  may  be 
impossible,  by  the  examination  of  individual  particles 
taken  at  random  from  the  tutuor  or  from  sections  of  such 
particles,  to  decide  wliether  the  growth  is  an  alveolar  i 
sarcoma  or  an  cndi  itlulioma.  In  such  a  case  it  is  necessary  ' 
to  study  the  murijinal  imrtions  of  the  tumor,  where  tlie 
hfl^^glU  are  ^till    I'uutid  clearly  separated  from  tbeqi^^ 
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PLATE  79- 

Fia.  I.— Eadottaeliol  Psammoina  of  the  Meninges  (Piom- 
carmin,  .  7l).|:  1,  t'ilirom  pUnii.a;  'J,  fplipruid,  ^^rllll■dnlril^ally 
laminated,  cnlL'arevUi  l)odiet ;  8,  iiiulUirrj-Bliuped  railuut^iiu  bodie*. 

Flo.  2.— Endothelial  Cholesteatoma  from  tbe  Base  of  the 
Brain  l  x  220.):  1,  Ouu-p  liiyer  t>f  olii|i*teat.inia  »pliLTfs  wil}i 
EquHmous  cells ;  2,  ixxa^t  luy^r,  vuid  of  nuclei,  consialing  of  tttlvnluitiHl 
remuni  of  cells. 

FIGURE   XXXV. 

Endothelioma  of  the  Pla  Mater  <  ■   180.):  I,  Spindle-ihaped 

ttlUi  2,  ipbeniid  masses  of  (.'tll«  Uvrived  frum  the  funiierand  ammged 

ill  cuucentric  layers  ;  3,  fpliiTk'  iiiiisi^h  of  cells  in  tiyaline  degeneration. 

FIGURE  XXXVI. 
Mixed  Tnmor  from  the  Parotid  Oland  (  «  SO.jt  1,  Plugs  and 
tubes  uf  cuboidal  epithelium  ;  i,  flplii-rio  musses  of  homy,  tquamfiu 
epithelium,  ammged  in  cooocntric  laveps ;  3,  horny  mu»e» ;  4,  n    " 
DiDtoue  coucective  tissue. 
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coDuective  tissue  w-ith  wliicli  tliey  are  contiguous, 
the  intercellular  substance  is  verj-  sparingly  developetl, 
we  bave  the  forros  lor  which  the  above-mentioned 
terms  carcinosarcoma  or  carcinoma  sarcomatodes  were 
invented. 

On  the  other  hand,  the  union  with  the  intercellular 
substance  may  be  so  intimate,  tlie  transition  from  the 
fibrillar,  long-drawn-out  cells  of  the  tumor-masses  to  the 
surrounding  stroma  may  be  so  g:radual,  that  the  tumor  in  ' 
its  general  appearance  resembles  certain  cellular  forms  of 
fibroma. 

Such  a  tumor  is  spoken  nf  as  an  endothelioma  with 
fascicular  arrangement.  When  the  cell-tubes  are  club- 
shaped  and  form  tangled  masses,  we  have  a  plexiform 
endothelioma.  In  the  latter  variety  of  tumor  the  wjiinille- 
shaped  cells  may  be  amalgamated  in  concentrically  lami- 
nated .spheric  masse.'*,  closely  resembling  similar  epithelial 
laminated  spheres  in  squamous  carcinoma.  In  these 
tumors  the  cells,  which  are  imbricated  like  ihe  successive 
layi>rs  of  an  onion,  are  frequently  couglomeratetl  and  form 
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hyaline  spheric  masses  of  homogtMittinis  appearunce.  In 
tho  latter  again  calcium  gaits  may  be  depo!«ite(l,  and  in 
thia  way  are  formed  those  peculiar  wtncentrically  striated 
calcareous  concpetions,  either  spheroid  or  mnUieiTy-ehaped 
from  the  close  npposition  of  tne  («lla,  which  microsoopi- 
cally  exhibit  the  (p-eat^st  similarity  to  the  particles  of 
so-called  "  brain  sand "  (acervuliis  cerebri).  When  the 
endothelioma  lias  undergone  these  changes,  it  is  designated 
a  psammoma.  Tumors  of  this  kind  have  their  seat 
chiefly  in  the  drira  mater  and  in  the  soft  membranes  of  the 
brain.  So^letime^^  the  endothelial  cell-masses  in  large, 
areas  of  the  tumor  are  completely  converted  into  tboe 
calcareous  spheres  of  laminatt^  structure,  or  into  cyltiidti< 
rod-shaped,  or  bizarre  calcareous  masses,  with  only  th<  _ 
scanty  remains  of  fibrous  stroma  between  them.  This 
gives  the  microscopic  picture  the  appearance  as  if  cal- 
careous concretions  had  been  deposited  in  a  fibroma,  and 
it  is  only  by  careful  examination,  showing  that  these 
concretions  are  formed  in  tlie  marginal  portions  of  th< 
tumor,  that  their  true  origin  can  lie  rew^nized  (Plate 
Fig^  1,  and  Fig.  XXXV.). 

Tumors  after  the  type  of  endotlielioma  may  also  g 
from  the  large  flat  cells  lining  the  serous  cavities,  wl 
are  also  to  he   regarded   as   endothelial   cells.      As  thi 
cells  swell  with  every  proliferative  process  and  assura 
cubojdal  or  almost  cylindric   shape,  the  morphology 
these  tumors  even  more  closely  approaches  the  chanw- 
of  carcinoma,  and  they  have  accordingly  been  descril 
as  "endothelial  carchiomn"  of  serous  membranes  in  recoj 
nition  of  the  endothelial   nature  of  the  parent  eelLs  (1 
Wi^er,  Schulz),     These  neopta-^ms  take  the  form 
of   a  diffuse   hard    enlargement   or  of    fungous, 
lumor,  with  broad  bases  projecting  into  the  lumen  of  tl 
serous  cavity  ;  as  a  rule,  they  exhibit  a  distinctly  alve< " 
stnicture.    The  parenchyma-cells  of  the  tumor,  which 
sometimes   quite   large,   rich   in    prot^iplasm,  and   eithi 
rhomboid  or  polyhedral  in  shape,  are  of^n  in  close  reli 
tion  with  the  surrounding  stroma  {Plate  78,  Fig,  1) 
^  while  at  the  ceut^r  of  the  tumor  the  cells  are  polyj 
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and  Boft,  they  gradually  eliade  off  in  the  mat^ioal  por- 
tions of  the  alveoli  into  SatU^r  i-lenientfi,  and  finally  into 
the  narrow,  spindle-shaped  wlU  of  the  surrounding  stroma. 
The  interstitial  wnnective  tissue  may  be  quite  ahundant, 
and  may  even  undei^  marked  hyi>erplasia  of  the  fibrous 
substance,  so  that  the  lunif>r  may  consist  of  linear  rows 
of  endothelial  cells,  interjiolated  between  thick  massea  uf 
fibrous  tissue  consieting  of  several  layers.  In  th; 
is  produced  that  diffuse  hard  thickening  of  serous 
bnines,  a  condition  that  is  sometimes  observed  i 
entire  prietal  and  visceral  peritoneum,  for  example,  an) 
envelops,  the  alxlomiDal  oi^ns  in  a  rigid  couneciive-tissi 
armor — a  formation  which  was  formerly  described 
diffuse  fibrosa reomatosis  of  serous  membranes.  Simil 
endothelial  tumors  with  an  abundance  of  i^troma 
occur  in  the  stomach,  especially  in  the  pyloric  poi 
tbey  ore  more  circumscribed,  although  tliey  also  exhibit 
teudency  to  lateral,  superfii-ial  extension.  This  variety 
unquestionably  includes  many  rases  of  so-called  scirrlius 
of  the  pylorus,  in  which  the  mucous  membrane  remains 
intact  and  the  entire  gastric  wall  presents  diffuse  thick- 
ening, enhauce<l  by  the  muscular  hypertrophy  at  the 
pyinrus  which  takes  place  secondarily.  But  it  has  never 
been  proved  that  these  last-mentioned  forms  originate 
from  the  superficial  endothelium  of  serous  membranes 
from  their  lymph-vessels. 

Blood-vessel  endothelioma  or  lieminigio-endotln 
lioma,  is  the  rt-sult  of  proliferation  of  the  tndothdium' 
of  bloTHl-channels.    Large  vessels,  either  arterial  or  venous, 
are  rarely  attacked  ;  but  the  smaller  arteries,  particularly 
the  smaller  veins  that  still  possess  a  distinctly  recognisabh 
inde))endent  wall,  quite  frequently  represent  the  startiuj 
jxiint  of  such  tumors.     It  is  therefore  desirable  In  sep 
rate  these  formations  fnini  tumors  which  evidently  tal 
their  origin  solelyin  proliferatlonof  capillary  endothelium, 
often  witli  the  formation  of  true  convolutions  of  canalized 
endothelial    buds,   and    to  separate  true   hemaugio-endo- 
thelioma  fmm  tv\nwr«  which,  on  microscopic  examioatioi 
at  oui'f  ri.>i,Mi:m7.vi\  as  i;a.^^V\T^  i^'VkiVotWUomata, 
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prndiicwi   in  this  way  exhibit  definite 


relations  to  the  blood-vessels,  so  that  these  tumors  \Vi 
and  still  are  designated  aDgiosarcoma,  a  term  that  may 
be  accepted  with  the  above-mentioned  reservations  in 
view  of  the  mesenchymatoiis  (meaiKlermal)  nature  of  the 
tumor  matrix.  Capillary  endotheliomata  often  exhibit 
a  distinctly  papillary  structui-e  (Figa,  XXXIII.  and 
XXXIV.).  Tne  massive  interlacing  tubes  of  closely 
ai^regated  endothelial  cells,  frequently  with  a  cavity  in 
the  interior  which  may  even  contain  blood,  rest  on  a 
foundation  of  fibrous  stroma.  The  endothelial  cells  are 
sometimes  large,  the  walls  of  the  tubular  structures  being 
sometimes  lined  with  two  or  three  layers  of  them  and 
i^ending  into  the  lumen  bud-like  projections  or  connecting 
bridges,  in  addition  to  forming  a  mantle  around  smaQ 
capillary  cavities.  These  prolilerated  cells  also  penetrate 
the  connective  tissue  and  form  the  lining  of  tissue-spaocB 
resembling  cysts,  which  they  invest  with  one  or  more 
layers  of  cells ;  or  they  may  form  fresh  papillary  pro- 
jections in  their  own  lumen. 

In  the  same  class  with  bU)od-vessel  endothelioma  we 
have  the  perithellotna — )',  e.,  a  tumor  having  itn  origin 
in  cells  that  lie  within  the  adveutitia  of  bloc  I -vessels  and 
is  genetically,  as  well  as  niorphologicnllv,  etjuivalent  to 
endothelial  cells.  Proliferation  of  these  cells  gives  rise  to 
tubular  cell-ma-sses  surrounding  the  outride  of  blood- 
vessels like  a  mantle  and  presenting  such  dense  ceJl-con- 
glomerations  that  the  intervening  stroma  practically  dis- 
appears and  the  tumor  seems  to  consist  of  interlacing 
strands  and  cords  of  spindle-shaped  or  polyhedral  cells, 
nsiially  with  well-preserved  central  lumina.  These  were  for- 
merly known  as  luhnlar  aarroma.  The  endothelium  which 
lines  the  interior  of  the  vascular  lumen  is  often  well  pre- 
served (Plate  55,  Figs.  1  and  2;  Plate  56,  Fig.  1);  but 
the  rest  of  the  vessel-wall  is  completely  infiltrated  with 
perithelia!  cells,  and  the  individual  layers  cannot  be  made 
out.  It  is  needless  to  say  that  the  tomor-niasses  may 
break  through  into  the  lumen  and  cause  hemorrhage  into 
iDuiog  tumor-tissue,  with  the  formation  of. 
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pigmeDt  within  the  latter,  ei)  that  the  eDtire  tumor-m 
nifty  be   coiupletely  infiltrated  with   blood -pigment  aql 
microscopic'ally  present  a  diffuse,  nisset-brtiwii  disouloi 
tion  (Plate  65,  Figa.  1,3). 

The  endothelial    elements   are   frequently  the  seat  i 
retrogressive  metamorpliosis,  [larticnlarly  hyaline  deget 
ation,  which  in  snoh  cases  always  attacks  the  veseel-v 
and   leada  to  the  production   of  homogenoous   cylindrl 
masses,  otlen  with  club-shaped  extremities.     As  tlie  latb 
in  a  recent,  teased  preparation  are  readily  separated  fro 
the   anrrounding  cellular   material,  and    then  aiipear  i 
shining  homogencoiis  cyliiMlcrs,  the  tumor  liaa  (ttien 
described  a.^  i\  cylindroma.     It  is  ol»vious  that 
Kuatial   retatioHs   lietween    the   liyaline   cylinders,  whi 
always  appear  primarily  in  the  vessel-walls  themselvi 
and  the  cell-aggregates  must  be  different  according 
a   true   blood-vessel    endothelioma  or   a   eo-ualled   pel 
thetioma  that  has  been  attaokeil  by  the  process.     In  l' 
former  case  hyaline  cylinders  are  formed  at  the  surface 
the  proliferated  masses  of  endotlielinm  ( Plate  56,  Fig.  ' 
in  the  latter  case  hyaline  tubes  are  formed  which  are 
rounded  on   the  outside   by   the   i>nliferated  perithelia! 
cells.     In  the  interior  of  the  hyaline  cylinders  isolate<l 
endothelial   cells   may   still   Ire   demonstrable  (Plate  78, 
Fig.  2).'    In  cross-sections  the  hyaline  structures  ap| 
aa  spheres  or  irregular  fragments. 

To  the  group  of  endothelial  tumors  also  belong  certat 
neoplasms  which  are  included  among  the  so-called  chC 
lesteatomata.  The  term  diolesteatoma.  like  psaiiimonia, 
is  not  iiitendwl  to  descril»e  the  nature  or  origin  nf  the  c«r- 
resiwnding  tumor.  It  is  merely  intendetl  to  indicate  that 
we  have  to  deal  with  the  formation  of  shining  jiearlw  and 
the  deposition  of  cholesterin  in  the  tumor.  Many  cho- 
lestefttomata  aro  of  an  epidermoid  nature,  but  it  is  evident, 
from  the  character  of  the  cells  that  make  np  endoti 
liomnta,  that  they  may,  under  certain  circumstances, 
velop  tl]e  facnlty  nf  producing  eell-a^^jegates  present 
1  imbricated  arrangement  like  the  scales  of  a  fish, 
ntter  of  fact,  naatiy  ol  fee  A\Q\»NRa.V(iTOsAa.  which 
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in  the  soti  membranes  of  the  brain,  auti  prubably  nil  thumi 
wliR-li  have  their  origin  in  the  chomid  plexus,  may,  oitm 
histogenctic  grounds,  lie  assigned  to  the  ilomain  of  eudo-V 
thelioniH.  Tnese  ttimors  arc  spheric  or  may  be  compoi^ed  i 
of  confluent  massc«  and  exhibit  the  well-known  silliy  op 
mother-of-ijcarl  sheen  ;  they  arc  extremely  himl,  and  of  a 
dry,  friable  structure.  On  microscopic  examination  the  J 
inner  pi)rtions  of  these  conglomerations  are  found  to  con-i 
sist  of  small  imbricated  scales  without  nuclei,  while  thel 
out^T  portions  still  reveal  lai^,  densely  jjacked  vesiculara 
cells  with  distinct  nuclei.  They  originate  iu  the  endo-| 
thelium  of  the  subarachnoid  spaces  or  iu  the  lymph- 
vessels  of  the  plexuses  (choroidal  plexuses). 

These  c  holes  tea  tomuta,  on  the  other  hand,  winch  growl 
from  the  base  of  the  brain  toward  the  cerebrum,  audi 
which  are  attributed  to  the  inclusion  of  epidermoid  tissue-I 
rests,  usually  in  the  r^ion  of  the  sella  turcica,  have  quile^ 
a  different  origin.  Of  wiurae,  the  so-called  cholesleat- 
oraata  of  the  middle  ear  consist  solcJy  of  cells  from  the 
epidermis,  and  hence  must  not  lie  included  among  the 
endothelial  cholesteatoma ta.  They  are  fre<iueiitly  due  to 
chronic  inflammatory  pmcessea,  with  rnvagination  of  epi- 
dermal tissue  into  the  middle  ear,  or  to  metanlastic 
processes  in  the  epithelium  of  the  mucous  membrane. 
Sometimes  tliey  may  represent  lai^  conglomerations  of 
oells  which  ep>de  the  bone,  and  on  microsoopie  examina- 
tion present  a  concentric  laminated  structure,  some  of 
the  constituent  epithelial  cells  possessing  nuclei  and  some 
being  devoid  of  them.  The  sfj-called  cholesteatoma  of 
the  urinary  jmssages,  which  is  observed  in  the  pelvis  of 
the  kidney,  in  the  ureters,  and  in  the  urinary  bladder,  has 
a  similar  origin.  It  is  proUtble  that  these  tumors  r 
their  existence  exclusively  to  metaplastic  nrocesses  In  theJ 
epithelium,  which  in  turn  are  excited  and  maintained  by 
chronic  inflammatory  processes.  In  this  way  whitist 
se.«sile  excrescences  with  a  brojid  base  and  raggetl  surface 
resembling  a  tick's  comb  may  be  formed  on  the 
responding  mucous  membranes;  on  microscopic  examini 
tion  they  arc  ibtmd  to  be  made  up  almost  exclusively  c 


Htratitieil  st|UamoUH  epilheliiim  in  ciniw.utric  lay 
tiuiPft  in  a  slate  of  partial  cDrnifioiititiu. 

MIXED  TUMORS  AND  TERATOID  GROWTHS. 

The  tiTm  mixeil  tumore  is  iistil  to  dpscril^K;  tieopliisniE. 
in  wliieti  several  kinds  uf  tissue  are  repreeentol,  noi  oulv 
in  tlie  sense  tliat  they  bear  tlie  relation  of  tuirmr-wtronia 
and  tuDior-parencliymu  to  one  another,  but  also  tii  Um 
sense  that  the  parenchyma  iti^clf  may  coneiflt  of  a  mmfaii 
nation  of  different  kinds  of  tissue,  in  which  oaeie  the  p 
ence  of  a,  vascular  stroma  is  indispensable.     The  possil 
tx>mbinations  of  different  kinds  of  tissue  are  very  nuitii 
ous,  and  the  individual  varieties  may  be  genetiwUly  very 
different  from  one  another.     Since,  however,  tbe  simulta- 
neous jiroduetion   of  seveml,   genetically   quite   distinot 
tissues  from  a  single  gnjund-tisstie  Is  inconceivabli 
many  cases   eannot   be   explained  by  met^iplasia,  mixi 
tumors  have  always  been  attributed  to  the  inelii^'ion 
fetal  germs.     Cohuheim's  theory  of  tbe  etiology  of  tui 
accordingly  applies  in   its   fullest  sense  to   these   ty^ 
Recently  it  has  been  thought  ("Wilms)  that  ihese  mim 
tumors  originate  in  germs  that  have  Iweii  extruded  from 
the  community  of  tiiwues  at  various  stages  of  fetal  de- 
velopment, have  later  proliferated,  and,  since  tliey  con- 
sisted of!  indifferent  structural  material,  have  und'ei 
differentiation  in  various  directions ;  in  otl>er  words, 
undergone  the  same  differentiation-processes  in 
life  as  normally  belong  only  to  fetal  tissues.     The  earln 
this  exclusion  of  eel  I -complexes  takes  place,  the  grea( 
the   subsequent   power   of   these   germs   to   develop  - 
undergo  differentiation.     Cell-complexes  derived,  for 
ample,    from    the    first     segmentation-spheres    may    he 
extruded  at  a  very  early  period,  and  may,  under  c<rrtain 
circumstances,  develop   into  tumors  of  complex  ei>m[io- 
sition,  which  can  be  attributed  only  to  a  germ-layer,  and 
which  are  called  teratomata  or  teratoid  tumoTB«^ 

'  Thla  class  of  lum.JFM  wiib  funiicrly,  ii 
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I  If  tlif  jmiMMS  uf  ilii!ereiitiatioii  goeii  ko  far  as  to  fiiria  iJu' 
KSctual  organs  of  the  embryo,  the  term  "  eHiiryom(i,"whiL-h 
■  was  introduced  by  Wilms,  may  l>e  quite  approjiriati.'. 
Not  to  he  included  in  the  same  category  with  the  mixed 
Itumors  are  those  formations  which,  beyond  a  doubt,  are 
■<Iue  to  double  embryos  with  ctihesion ;  these  may  be 
Kde^ignated  bigermiiial  (eratomala. 

I  True  niixM  tumors,  in  the  narrowest  Sonne  of  the  term, 
^occur  chiefly  in  the  kidney,  the  urinary  bladder,  the 
I  cervix  uteri,  vas  deferens,  and  mammary  gland;  also  tu 
Fthe  salivary  glands  (]iarolid  and  submasillary),  in  the 
orbits,  and  in  the  palate.  They  may  represent  a  variously 
compounded  mixture  of  more  or  less  differentiated  tissues 
or  tissue-germs.  As  r^ards  their  quantitative  distribu- 
tion also,  great  diflerenoes  obtain.  During  the  evolution 
of  these  germs  into  tumors,  which  almost  aW-ays  represent 
preexisting  structures,  the  indifferent  embryonal  struotural 
tjssue  of  mesenchymal  origin,  ils  a  rule,  (greatly  predomi- 
nates ;  hence  these  neoplasms  have  (jften  boi-n  classitied 
among  the  sarooma.  The  remaining  tiftsue-t'lcnients  in  the 
gn)Wth,  which  could  not  he  made  to  fit  in  with  the  sarcoma 
type,  are  either  disregarded  altc^ther  or  furnish  the  other 
part  of  the  name.  Accordingly  the  older  nomenclature 
of  these  tumors  is  extremely  complicated,  and  contuins 
such  terms  as  carcinosarcoma,  or  myosarcoma  caroinoma- 
todes,  etc. 

In  the  kidney,  where  mixed  tumors  are  frequent,  espe- 
cially during  childhoo<I,  the  tumors  contain,  in  addillon  to 
indiffcreut  formative  cells  which  have  enormously  pro- 
liferateil  and  assiimetl  a  malignant,  sarcomatous  character, 
the  muscle-tissue  of  the  same  immature  variety  us  is  found 
in  rhalxiomyoma  aud  rhabdomyoaariH^ma  ;  sniooih  muscle- 
fibers  and  occasionally  cartilaginous  or  osteoid  substance 
may  be  found  scattered  through  the  tumor.  In  addition, 
there  may  be  epithelial  formations,  glandular  tubes,  or 
solid  epithelial  nests  and  plugs,  surrounded  by  sarcoma-like 
masses.  Sometimes  a  distinct  membrana  ]>mpria  is  pres- 
ent. Meta<t;itic  growths  derived  from  tliese  tumors, 
ghich  are  cliniinlly  oiU'n  malignant,  and  therefore,  were 
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^H           formerly  de&Rrilx^l  ijiiilc  often  as  carcinoniala,  also  preai^^| 
^H          the  san'ie  Btriit^turc  as  the  primary  tiiniur;  iir  tltt-y  in^^| 
^H          consist  of  in<lifl('rct)t,  (x;llnlar,  fornuitive  tissui-,  in  wli^^| 
^H           case  they  give  tliti  iruprc^iun  of  a  rouud-ct-ll  ur  pulymdl^l 
^H          pliow-lluiar  sarcoma.                                                          ^B 
^H               Identical  tumors  also  sometimes  develoi)  in  the  cervix 
^H          atvri  and  vaginu.     In  the  maiiimnry  gkiul  there  may  be, 
^H          in  addition  to  the  tubulur  masses  of*  e|iithelium,  scHttervd 
^^H           masses  of  squamous  epithelium  with  comifietl  layuis,  or 
^^H          masses  of  mucoid  and  of  osteoid  tissue.     The  sRli\'>ry 
^^m          glande  present  a  particuJiii'ly  rieh  soil  for  tumors  of  thix 
^^M           kind,  iu  which  cimncctive-Lissue  germs  in  nil  stages  of 

^^M           cellei,  mucous   tissue,  fat-loliules,  eartilaginouft  and  honv 
^H           tissue — are  observed,  with  scattered  islands  of  epithelial 
^^M            lul*es  containing  either  one  or  several    layers  of  epithe- 
^H           lium.     Sometimes  the  shitjK-  of  tlie  eells  that  make  up 
^H           these  tiibnlar  aggregates  ur  their  relation  to  tlie  snrnnind- 
^H           ing  tissue  gives  the  impression  of  an  endothelial  origin. 
^H               Among  this  group  of  tumors,  which  are  to  be.  attributed 
^H           to  developmental  disturbancxw,  shonhl  be  inelude<l  a  scries 
^H           of  cystic  formations  which  either  reproduce  in  their  walls 
^H           the  strii.tiire  of  the  outer  skin, ami  are  then  designate*! 
^H           dermoid    cysts,   or  corresjiond    to   the   structure   of  the 
^^^            mucous  membrane  of  the  respiratorv  or  digestive  tract, 
^m           and  are  then  known  as  .-nln-oci/ats.     Finnlly,  these  (Tag^l 
^^1          formations  may  develop  from  persisting  remains  of  bnUwH^I 
^V          iai  pouches;  such  structures  are  known  as  branchiat ^^^^ 
^^             The  wnU  of  vi  Aevmwd  vx»t  usually  consists  of  a  fimq^^f 
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con  net-live- tisaue  envelop  with  nn  iutenial  lining  ol'  BtruU- 
Red,  mjiianions  epithelium  after  Uic  type  of  the  epidermii 
fiitiiated  on  [xipillarv  elevations.  Cutaneous  glands  and, 
hair  may  also  be  present.  As  a  result  of  des<inaraatioa 
of  epidermal  eelU  and  horny  hi>al«-  and  the  falling-oui 
of  hiiirs,  the  himen  luav  he  tilled  with  a  heterogeneouA 
material,  sometimes  inixc<l  with  maaace  of  fat  and  eholes- 
terin.  Theac  dermoid  cysts  are  due,  ae  a  rule,  to  di»<locft- 
lion  of  fetal  tissue,  They  otxjur  In  the  skin  and  eubcuta- 
neous  tissue,  in  the  cranial  cavity,  and  in  the  vertebral 
canal,  on  the  neck,  in  the  mediastinum,  and  occasionnllT' 
in  the  alxionifn. 

Not  to  1k'  eonfiiundLtl  with  these  dermoid  cysts  are  th( 
i^rmnle  epidermoids,  the  iiiuer  lining  of  which  consista 
solely  of  tiquHnioiis  epithelium  without  any  structures 
derived  from  cutaneous  appendages.  It  has  alreiidy  been 
pointed  out  that  these  epidermoids,  by  proliferation  of  the 
epithelial  cells  and  their  arratigement  in  concentric  layefa 
to  form  pearly  structures,  furninh  part  of  the  tumorB 
known  as  cholesteatomata.  This  group  also  inehides  the- 
so-called  tmuvmlie  rplthe/ial  eyids,  which  owe  tlieir  origin, 
to  the  dislocation  of  portions  of  the  epidermis  into  the 
subjacent  connective  tissue,  with  ."uhsequeut  proliferation 
of  the  former. 

Spurious  tumors  that  arc  sometimes  i-onfoiinded  with 
dermoids  or  epidermoids  are  the  so-adled  sebaceous  cysta. 
They  belong  to  the  so-called  re  tent  ion -cysts,  and  are 
formed  by  the  occlusion  of  the  ditcts  of  sebaceous  glands. 
The  dilated  glands  surround  themselves  with  a  densa 
connective-tissue  membrane,  the  inner  surface  of  which  ia 
usually  lined  with  stjuamuus  epithelium.  The  cavity  of 
these  pseudotumors  oontain.s  sebum,  fat,  cholesterin,  etCj 
which  make  up  the  selraeeous  material. 

Cysts  lined  with  mucous  membrane  (enterocysts)  are 
found  in  the  oropharyngeal  cavity,  in  the  wall  of  the' 
esophagus,  in  various  jHirtions  of  the  abdominal  walls,  and 

Brancbiogenic  cysts  owe  their  origin  to  the  remains  of 

hial  pfiuelies  and  of  f.n hi:ii  an.'hes  ifi  the  neck. 
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Tbey  alsf)  consist  of  a  c-onnrclivi-iissin'  caiusiile, mid  are 
lineu  witli  sgimnioiis,  or  nmri'  IVi'i|iiriitly  «iili  tylintlric  nr 
ciliate<l,  opitiidium,  from  wliicli  rn  jit>  ninv  iliji  iliiwii  iiir>> 
tJic  dt!|>tbs  of  the  tissue.  Tlii,'  L■^lrilnLclivc'-li^^llc  wall  fro- 
qiieutiy  «niitains  follicular  cuUections  of  leukocytes,  aoti 
sometimes,  in  additioii,  seutteretl  niaeees  of  cartilage  winch 
are  probably  derived  from  persistent  rests  of  the  branchial 
archejs. 
Trne  teratomata,  or  teratoid  tomors,  have  tht-ir 

(ieat  ill  the  sexual  ghuids,  or  at  the  p>steriur  or  anterior 
poleri  of  the  trunk,  appearing  either  as  t^acral  tumors  or  as 
teratoid  pharyngeal  polypi.  Their  histology  is  extn-niely 
complex,  and  can  be  explained  only  by  sup[xisinn;  the  dis- 
location of  a  mass  consisting  of  the  three  germinid  layers 
at  a  correspondingly  early  embryonal  period.  The  sim- 
plest structures  of  this  kind  occur  in  the  tegtiele,  where 
they  usually  consist  of  erabryonul  eonneetive  tissue  with 
scattered  islands  of  cartilage  and  epithelial  cpli-a^rpgates, 
composed  partly  of  squamous  epithelium,  with  ciiniilica- 
tion,  and  partly  of  cylindric  epithelium.  Temtoma  of 
the  ovaries  often  exhibits  a  much  more  advanwni  difler- 
entiation,  the  mesodermal  portion  of  the  tumor  being 
often  so  perfectly  ditl'erentiateil  that  true  skeletal  jiaris 
are  pro<luced.  In  addition  to  cartilage  there  may  be  found 
bones,  sometimes  with  articular  surfaces,  jaw-like  sirnclurcs 
with  an  alveolar  margin,  enamel-cells,  enamel-j>nlp,  an<l 
well-developeil  dental  papillte,  besides  epidernmid  slriict- 
ures  of  the  cliaractcr  of  dermoid  cysts  and  filled  with 
desquamated  epithelium,  sebaceous  masse:',  hair,  etc. 

Tlie  identical  histologic  composition  may  be  observtKl 
in  teratoma  developing  at  either  end  of  the  fnmk.  Sacral 
tumors,  which  are  oflen  quite  largo,  usually  consist  partly 
of  a  cystic  and  partly  of  a  solid  portion.  They  are  sup- 
ported by  a,  cellular  connective  tissue,  which  in  many 
places  ia  myxomatous  and  contains  scattered  musses  of 
cartilaginoits  and  Iwny  tissue  (Plate  80,  Figs.  1  and  2). 
In  addition  they  contain  muacle-filMTs,  with  or  without 
transverse  striation.  nerves,  extensive  fi-agments  that  loiik 
like  tiii.'iue  from  \\Mr  ''OrtXT^V  xwirvnus  system,  with  well- 
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developwl  neuroglia  and  ganglion-cells.  The  epithelial 
structures  may  present  every  variety  and  form  of  epi- 
thelium. Tiiere  are  t-yHts  and  tubular  cavities  lined  jiartly 
with  cylindric,  and  partly  with  stratified,  squamous  epi- 
thelium. Sometimes  the  ciante  canal  is  lined  on  one  side 
with  cylindric  or  filiated,  and  on  the  opimsite  side  with 
stratliied,  squammi.s  epithelium.  Evet^  imaginable  kind 
of  glandular  structure  may  be  observed.  Sometimes  there 
are  found  scattered  through  the  tumor-oell  masses  or  cystic 
cavities  containing  polyhedral  epillielium  densely  packed 

^with  dark  pigment-grannies,  resulting  in  formations  of 
the  type  of  the  pigmented  epithelium  of  the  retina — 
Bo-called  eye~<l<i(ji. 
The  tumors  which  grow  at  the  anterior  pole  of  the 
trunk  in  the  form  of  pharyngeal  polypi  exhibit  a  similar 
composition,  Their  surface  is  often  covered  with  hair 
ijiirmilf  p/utryngnil  polyp),  and  they  may  communicate 
with  similar  tumors  in  the  cranial  cavity  by  means  of 
bridges  that  traverse  the  skull.  Tiiey  may  al.w  harbor, 
in  addition  to  a  mixture  of  tissues  derived  from  the  three 
germinal  layers,  fully  differentiated  organs,  structures  re- 
sembling the  extremities  of  the  body,  glands,  teeth,  etc. 
All  these  tumors  may  be  summed  up  under  the  name 
nnbryoma. 
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of  gland-cells,  «8 

c)(  parencbyniH,  60 

pipillHTj-,  309,  3J0 

of  ihmmbus.  30 

of  liimorE.  218 

infiltration,  62 

of.'  150 

tion  between,  65 

Epulis,  291 

of  kidneys,  64 

Excercierknochen,  246 

of  liver,  64 

m      blood-current,    emboliBm 

Ferment  thnnubi,  embolism  fto 

from,  42 

37 

in  xkin,  117 

Fibers,  naclei,  286 

Eiostosia,  245 

Fibrin,  canalised,  175 

uartilaginouo,  246 

desmoid,  176 

continiiouB,  24,^ 

hyaline,  175 

Fibrinoid,  128 

movable,  243 
paroBteai,  24& 

sue,  176 

Eitracelluiar  bynliti,  8S 

oitbsMnce,  196 

generation  of,  6« 

sue,  175 

Exndation,  171 

Exudatin  cells,  133 

Fibro*pithelial  lumois,  229,  309 

^^H 

^^^^^1 

364                                     I.SD 

Fibroid   cliBnge  frotn  luberciilirtia 

Glanilular  nnlyiHw,  :S3       ^^^^^^^^| 
Glioma.  268                                       ^H 

Fibrolipom»,  233 

ceiitnU,  2£2                                  ^H 

Fibmni«,  227 

of  retina,  264                                ^^H 

cavemoBuni,  SH 

ses                         l^H 

cywic,  Zt3 

GtioB«8. 2113                                     ^^M 

lai4,-m 

Globular  Mrmb,  132                         ^^H 

Olvcogvn.  70                                    ^^M 

lympIuingiecUlic,  334 

m  tumots,  226                           ^^H 

OM&SDB,  232.  248 

inGltratiun.  70                              ^^1 

piciiform.  230 

Goiter,  calcalcfliiH,  100                    ^^H 

colloid,  64                                     ^^M 

«.ft,232 

Omnukt'oiMiwiK-,  131.  135            ^^M 

difluae,  193                                ^^1 

FihpomymBB,  236,  250 

in  mfiuvt,  4«                             ^^1 

ribr<»r«mu.,236.28a.21M 

UranulatioD-tunor,  184                 ^^H 

( i  nnule  cells,  46,  263                      ^^H 

FibrouB  chun^te  fnim  lubcrciilnuB 

apIiercH,  263                                  ^^^| 

FirMnarf.'zer' 

Gcnnulm,  Allmann's,  61,  12fi         ^^H 

Hlaft^h-.  140                                   ^^1 

Foreign-body  giflnt-cells.  287 

tioiior,97                     ^^^1 

Freck]<s,I13 

Gumma,  200                                    ^^H 

FiinRti^  liibcrfle.  185 

Qnmmy  nimor,  201                      ^^^| 

malion  bvta,  194 

ILKHANaiOMA  »mpl<!i,  m,  2ft»  ^H 

Uam-opleen,  77                                ^^H 

GALL-0TOME3,  103 

JUtd  oancer  (tidrrbna),  SSB           ^^M 

(iiaot  rail««e8,  214 

fibroma,  229                             ^^M 

nncla.  220 

ITnuKt's  coa^lntion  cartel^  174^^^H 

Oiant-cell,  186,  214 

HeaUng  of  wounib,  129                  ^^M 

conplulUtion,  140,  190.287 

of  Ueart^necle,  151               ^^M 

foreign-ljody,  287 

of  kidnev,  156                         ^^H 

of  liver, '154                             ^^H 

primary,  132                            ^^^M 

parenchyms,  287 
proIiferatioD,  140,  287 

eecondnry,  132                         ^^H 
Hc»rt,  amylota  degenenlion  of.  I^^M 

cloudy  swelling  of.  59                 I^H 

Hircoma,  286 

Htan-f>ilute  ceik,  lOo               .^^1 

thyroid,  raldfitation  in,  100 

Hcnn-mtiscle,  brown  atrophr  of,  Bf^^^M 
wounds  of,  healing  of,  Ifil          ^^^^| 

Oiand-cells,  fiiUy  di^'nerntion  in,fi8 

GIondB,  rexilal,  lisaue  of,  new  for- 

Hemangio«Ddotbe1iom«,  345         ^^M 

mali..n  of,  IfiO 

nentaniciama,  264.  265                   ^^H 

Olandulai-euillietium,  regeneniticin 

^^                   of,  160 

^^^^^^^^^H__^^H     ^^^^1 

^^ifl  T 
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W         HemntOKenou- jaimdlce,  U)9 

ICHTHVOtilS,  312 

Hemaloldin,  Zi 

IrLlhyolio  Bkin  warto,  312 

rryBWlH,  23 

lelenifi,  109.    See  tho  Jaundice. 

Inactivity,  atrophy  from,  55 
Indi»-nibber  tumor,  200 

HemofuBcir.  107 

fluty,  198 

■              by  dUpedoi.,  17 

Infsrel,  30,  43 

anemic,  44 

■              per  rhexin,  17 

biliniWn,  109 

blood  in.  45                                                i 

(tnlniilation  ti«ue  in,  46 

■          IlemoBuIerin,  22 

ficniorrbagic,  45 

in  central  nen-oua  syMeiti,  47 

■         I[epNlu»tim>,  cheesy.  ItH 

Hri«>*cid,  of  newborn,  103 

Inrarction,  36, 43 

V         HippomeUnb,  115 

Himiite  phaiTtiKeiil  polyp,  367 

in,  ao,  01                             _5 

Hintoid  lumora,  208 

HiHtolysiis  169 

fttty,  62!    g^  also  FaOy  Infit 

sue,  87 

glycogenic,  70 
bemorrbagic,  19 

Horn,  cut«n«>UB,3l3 

emsll^ll,  141, 143 

Howship's  UcuTue,  63,  1G3 

Hy«lb.85 

etudadve,  162 

coapiLiUon-.  89,  90 

superficial,  fron>  tuberde  ftm- 

gi.^194 

connetTliTe-liBtiiie,  86,  89 

inlcnnltial,  10.1 

epithelial,  86 

la^e>1chTma(ou^  163 

eitracellukr,  88 

purulent.  162,  165 

heniatogenoug,  89 

productive,  163,  183 

reactive,  161 

secfeiory-deKeneratiTe,  86,  87 

Bpedfif,  184 
Inflammatory  edeina,  172 

Hjaline  defrencniiit*,  85 

Initial  Kleroftls,  199 

of  laroow,  90,  224 

Insular  epidemiiaUon,  149 

fibrin,  175 

Inleralilial  cells,  51 

HygiWDB   colli  cvBlirum  congeni- 

inllammaUon,  163 

tum,  272 

of  nuclear  toII,  125,  220 

96 

faltv  defcencmtion  after,  67 

«r  tumon,  214 

tntra^«llLilar  hynlin,  86 

JXVSDKK,  10S 

HvpeiwioHig,  245 

Hyperlropliic  angioma,  2li9 
^^^Hypochromalneis  of  lumom,  214 

lietmlOBenii',  109 
obntniptive,  110 

^^^^^|H 

^H 

Kakicii.vw^,  123,  I2T 

Liver-LvIlK,  db»x-iatk>n  of,  Do     ^^H 

K;irvu)ThtM>»,  124,  127 

iii'  lumon,  aau 

Kelciil,  2»l 

Kfratobyulin,  2£4 

KidiLfji*.  imiylold  degBnemlion  of, 

re 

iiilL-ri'iHtliTotit  ulrujiliy  of,  6li 
iiil.]Ui«ilioii  of,  (14,  vr. 

Lyiopliongioinu,  S(f4,  360           ^^^H 

.'»ven.o<«.in>,270                      ^H 

L-h>LiilyawtilK<iKi>r,  57 

i-y><tl<;uni,  2T0                         ^^H 

fatty  infillmtion  of.  04 

miiod  tumois  of,  :!53 

wtnulti,  270                          J^H 

wo.in.bof.  healing  .,r.  156 

KkmtaKK-ytcs,  HI,  143 
Kiimimhfer^eo 

Lrmphorrheu,  271                     ^^M 

Ucrao,  lirer  of,  M 

ilurun;,  2S3                               ^^^H 

Uciine,  Hnwsliip'K,  53,  15S 
UnpRlrahler,  200 

LyiTiph-Ta«al  cndothelbinii,  S4|^^H 

Leiomvcimn,  2-lS,  349 

Ma.rophaow,  13S                    ^^M 

of  u'lei-us,  2.J3 

Mnlarin,  chronic,  pigmcat  in,  l^^^l 

I.«ntiKiiie»,  tl3 

Mnli^mint  chorion-tuuior.  Ml^^H 

^prosT,  2113 

Marantic  lliroDibi,  30                  ^^^H 

anesthetic,  203 

MaHtH^lb*,  143,  1110                     ^^M 

osteoma,  247                             ^^^H 

it)  fonnalion  of  tivaue,  138,  189 

Melanin   of    pi^enlod    tmxeeO^^M 

aeutrapbile,  160 

1,4                  ^^B 

pHlynuclear,  133 

Leukocjtoid  cells,  142,  14fi 

Leukocytoids.  191 

cntanoouf,  303                      _:^^l 

Lipoma,  237 

MeUnolic  ntiMniH  of  eyclall,  SM^^H 

Melonurin,  114                           ^^H 

Mi-tabolic    ccllulnr   activity,   M^^H 

lumoTs,  2:SQ 

luent  from,  111               ^^H 

durum,  239 

luyzomalodcs,  239 

petrificana,  339 

^^^H 

mincml.  W                                ^^^M 

of  liver,  84 

retrDgre»«ive,  57                       ^^^H 

of  glioma,  2«3                      ^^H 

Linue&cllon,  127 
LiUiopcdiB,  103 

of  mvoma,  251                     ^^M 

uf  wmiraa,  281                 ^^^| 

of  TUniora,  218                     ^^H 

MvemoU8  angioma  of,  268 

viwuius  27                                ^^M 

fHity  infillmtion  of,  B4 
of  iKcing,  54 

liiiomalosiBof,  S4 

ary  tart^omi,  306   ^^^H 

^^^              woHiula  of,  healinR  of.  154 

tnnior,  40                                    ^^M 

^^^k      Liver^^Us,  cloiuVy  tmeUMn;  xt,  ^« 

» 


[  Microphnpw,  13fl 
I  Mineral  aiciuniorpliusis  !W 
■  MiraculoUH  tiuuoi'S,  HOIt 
I  UilotKit,  asyniiuulriL',  -14 

'   Mixed  l<riaon,  2(H,  'M7,  ^2 
uf  kidncj,  353 
Mole,  pigmented.  113 
MunoDiicIear  WiikncyieH,  1S9 
Movable  eiuttouit,  245 
Mucoid  degenention,  79 
I  uf  cunneL-iive  tii«ii«,  i42 

e  neopIaaniB, 


i)f  luniure,  T26 
Miicoii»  ^mifhei  of  t>)-pliili«,  1U9 
Eigiberuidit,  81 

MLK.-U8,  7» 

MulticenUic  tumor-formalioti,  2Ia 
Multiple  niyeloDui,  3U0 
MuHcle,  tiQirt-,  brown  Btrapb.v  iiT,  o: 
wounds  of,  healing  oi,  151 

pseudohypertrophy  of,  63 

Btriuted,  new  fonnnlion  of.  ISO 
waiy  degeneration  uf,  M 
Mii«cle-budH,  151 
Musc'le-eell  tube*.  151 
Mycodcmuoid,  205 
Mycofibroma,  205 
Myelocytes,  280 
Myelogenous  lamimR,  290 
MyelomH,  multiple,  300 
Mvelonwlaci*,  127 
MyeloplaseB,  388 
Myofibronis.  235,  260 
Myoma  lev  irellii  lore,  248 

myxomntndea,  252 

retrogrewdve  inetanioqihiMiB  ol 
251 


Nk*ub  viisi-uliMiin,  234.  26H 

NecrobiDpiH,  120 
Nccro«s,  IIH 
eongul»lion,  44,  122 
definition  of,  120 
fat-,  dileihcstioii  in,  102 
NeojiluBniB,  conrei'live-tiwue,  niu- 
cuid  degeneration  at,  S3 
epithulial,  308 

iiiirenchyniB  of,  calcitiniUon  uf, 
101 


1,62 


[illeificalion 
tatty  de^nemtiu 
infuKlM  in,  47 
regeneration  in,  I 
Ncl-cell  Kurvuina,  2li<i 
Neiiro-epitUcliomB,  204 
Neurofibroma,  230,  26Q 
Neurogliomu,  S5A 
gangjioi 


97 


Sfti 


:iK>ni 


fltriocellntire,  248 

uterine,  251 
MvosiiU,  omifvinK,  346 
Myxedema,  83 
Myxoma,  236,  248 
Myxomatous  degeneration 
not«,224 


tissue,  225 
Myxosarcoma,  ' 


r,  2S4 


Btupulatiiiii,  loli.  257 

plexiforni,  2.i7 

Btump,  ]-5«,  257 

Irauiniitit^,  257 
Neurnniyxoma,  237 
Neuropathic  airophy,  .W 
Neiilrophile  leukoeylws  160 
Nevi,  pigmented,  301 
Nevuiwjells,  302 

Newborn,  iiric-ocid,  infarM  of,  103 
Nodnlea,  tiiberciiloua,  ISS 
Nuclei,  cliansta  in,  in  fatty  deg«n- 
station,  70 

fibera,  28(i 

giant,  220 
Numeric  atrophv,  49 
Nutrition,  diirtorW,  atrophy  from, 


OnffTRUCTtvE  janndire,  Ufi 

OchronofiiB,  1(W 
flidiomyroais,  206 
Oreaniziition,  120 
Organoid  tumors,  209,  293,  806 
Ottifying  fibroma,  282 


fl»>if;infc  DiyusltiR,  246 

<)»l«;>fhiiiiilR»ni»,  244 
OsleocWw,  53,  153 
(Inteofibroina,  232,  248 
(.taleoii)  cbondroinn,  241 

BHVoma,  248,  276 
OBteoma,244 

compact,  247 

growtb  of,  247 

■nedullBrj,  247 

spongy,  247 
OHteoKirmmiL  276,  296,  2BD 

periosteal,  2t)9 
Oiteophytc.  34fi 
Ovarian  cyals,  321 

pAcJirnERMiA  laiyn^  18H 
I'schymcningilix,  hemortliai^c*,  105 
Pancreatic  calculi,  103 
Pupiltarr  C78I011U,  311I,  321 

epUheliotna,  300,  .110 
PapUlonm,  235,  308 

TJIloa^  of  bladder,  314 
Paradoxic  emboliB,  36 

parencbymalons   cell   emtMiltam, 

I^rasitea,  calcification  in,  101 
Pnrenclivnia,  cloiidy  swelling  of,  57 

fatt;  deitencnitia'n  of,  66 

gianl<el1a,  287 

of  cbondroma,  2119 

of  epilbelial  nenpIasniH,  mlcifica- 
tion  of.  101 
Farencliynialoiifl  cell  eniboliHn,  S7 


c,  38 


placenlar,  30 

infljinimalion,  163 
Pnreeteal  ciootosis,  216 
Pawive  strophr,  49 
Pearls,  cancer,'  332 

cancroid,  224,  332 
Perioeteal  oateoeannnia,  299 
F(^riphe^Bl  corpiuclea,  21 

tumors,  21 T 
Perithelioma,  349 

Petrifaction,  90 
PeirifyinK  lihroma,  232 
Phnporvtcs,  22.  1 39 


Phlebiiiis  103 
Phleboliiha,  34.  tOO 
PlilofCONS  16S 
PhrmntorhiiNn,  115 
PLyaalid*^  221 
PhysaUfo^^li^  241 
Pigment,  104 

autudillioiiouB,  111 

bile-,  109 

coa!-,  115 

emgenoiis,  115 

in     bloiid-cunrni,     « 

iDalti(.!ll7  _ 
from  hemoglobin,  104 
fnim  meCalxilic  oelluliir  acllrt 

111 
in  chronic  malaria,  108 
in  jicrnicioua  aneiuia,  ItK 
in  aanwmalous  tlimnnt,  109    ' 
in  shin.  Ill 

increuae  in,  112 
in  urine,  114 
Pigraentan'  degcneralion 

sarcouin,  inelaKtatic  diatribi 
of,  306 
Pigmentation  uf  Iranapkated  4 


aareomk,  melanin  of,  11 
Phicentar  emboliBm,  W 
PlasDui-eells,  141,  146 
PlaamorrhexiB,  21 
PlaBtnoecliisii,  21 
Plextfom  fibroma,  2!» 


PiiljmonihMcliulu'  Ml 

Poly  nuclear  leukocvte^  188   I 

Polvp,  cvrtie,  233 

glandular,  233 
6       pharyngeal,  birante,  SS7 

fnapberrf,  234 
Preputial  calculi,  103 
Pnwiure  nimjiby.  i53 
rriuliiolivc  inda'ninialion,  18! 


^^^B^^^^ 

tynsx.                          369  ^H 

Pr  .liferalion.  panl-cell,  140,  287 

Sarcoma,  globocellulare,  27» 

individual  forms  ol.  2TB 

melanotic,  of  eyebaU,  305 

myelogeuoM,  m 

PHeiidoiuucEn,  80 

□ct-cell,  2BR 

of  bone,  297 

Deifying,  207 

Purulent  ratarrh,  170 

osteoid,  248,  27it.  298 

pigmentary,  metastatic  distribu- 

Pykno^ 125,  220 

tion  of,  306 

iiolymorphocclLular,  291 

Rankenanoiom,  265 

Raspberry  polypiis,  234 

281 

round-celt,  279 

tlinimbiis,  29 

»pindl«^ll,  283 

tubular.  349 

of  cjliudric  spitbeliiim,  150 
..r  epitbelinl  tiaiLie.  146 

lunioni,  pigment  in,  109 

Scirrhus.  329 

&len»<iti,  126 

tuaiie,4G 

initial,  199 

Reticulum  of  lul«rcle,  191 

Sebatvous  cysts,  355 

Retina,  glioma  of,  2tt4 

Secretion,  catarrhal,  171 

RctroKres8)ve  mettmorpho«ei,  67 
RhaMomjomn,  248.  253 

inspisMlcd,  calcification  in,  103 

_            of  heart,  255 

87 

K          oritdu  of,  2-56 

Senile  atrophy,  50 

■  Rice  bodice,  181 

■  RidW  bone,  246 

Septicopyemia,  162 

Sexual  glands,  tissue  of,  new  fomu- .' 

H      Ri>und-cell  sarcoiun,  279 

tion  of,  HHi 

■       Ru^Ve  corpuscles,  221 

8iderori8.1l7 

■ 

aitofetal  system,  alrophv  of.  63 
Skin,  pigment  of,  Ml 

V       6ago  spleen.  7S 

■        Salivary  calculi,  103 

Sand,  brain-.  91.  347 

Sfttcuma,  272 

inorease  in,  112 

carcinomatodes,  283,  342 

KM) 

■             central,  29Q 

regeneration  of,  1 58 

H           combinations  of,   with   cortilas- 

warts,  ichthvotic,  312 

■                      inous  tiBSiie,  295 

■           epithelioid-cell,  292 

Smnll-cell  infiltration,  141,  143 

H           formation  of  Iruc  bone^lubalance 

■                       in,  299 

Softening-cells,  2113 

■            fusicellulare,  283 

m           giant-c4>1l,  28A 

Spberoida,  mucous,  81 

^^^ijgmocellolare,  286 

^^^^^^^^^^^H 

^^^L      I^^^^I^^^^^I^^^HI 

^370                                         LVDKX.                              ^^^^H 

fipider-celU,  2fi0 

Spleen,  am jloid  degeneraliun  of,  7 1 

30                                   ^^H 

btton-,77 

iimrantic,  30                          ^^^H 

hnm-,  77 

tiurifiiriu  sunviiiDR  of,  30       ^^^H 

«^[o,78 

Kd.Ti                                                  ^^M 

white,  29                                   ^^^1 

TUymw  gland,  calciliaMion  oL^^M 

Tiniie,  Rtrnph^  iif,  53                  l^^l 

SWphylocowiw    [jyuBenes    smells, 

heme,  new  formaliuti  uf,  ISS  i^^^| 

Ko^gluea  of,  :iOe 
Rtarcli-Kranuiai,  14U 

ciuincctivv^     Sw  tilHo  Cbna^^^H 

St«8ig,  44 

Tla«^.                      ^^^1 

globular,  13:: 

c»lliiillatinn  of,  47                   ^^^H 

SWatOMB,  hejiBti^  G4 

de<ul.  ualcUk'HlioD  in,  103      ^^M 

Ntipnata.  18 

Ktnmaln,  IS 

arialed  moBcle.  new  fomuitioii  of, 

dimii^.  1U3                 ^^H 

150 

in  inbrct,  46                   .  ^^H 

Struma  colloid^),  64 

139                          ^^H 

of^gexiinl  Kt>"><l>S  new  forma^^^H 

Huprareiwli^  322 

'^H 

SuprireiuJ  tuinore,  323 

remmtiie,  46                              ^^H 

StrellbK,  doiidv,  67, 163.     See  also 

si'si^  131                                      ^^1 

OWmV  S>rrUino. 

Trabeculn:    of    8iwn(7     boD»M^^| 
nlanc!c,  ditnppcMvnc*  d^^l 

^               Syncytial  curcinoma,  341 

Syphilides,  193 

ByphUis  19S 

.53                                     ^^1 

nmcww  patches  of,  199 

rt-geoerluon  of,  158             j^M 

uriroiu?  leUon  of,  IW 

TreiiQintic  ^Ihelial  cystB,  356^^H 

Tropfige  Entmiscfaung,  132       ^^H 

Tattooinq,  117 

True  IcmtomB,  356                   ^^^H 

Tuhprcl)?  diHeaflos  I8S                 ^^H 

L              Tenloid  srawthi.  352 

fungus,  1S6                                ^^1 

■  •              tnmore,  209,  352,  356 

etiidniiTc   eut>er6oi«l  infli^^l 

■              TemLoma,  -209,  362 

mnllon  fmia,  IM            ^^M 

reticulum  nf,  191                   .^H 

true,  356 

Tubercuin,  185                            ^^H 

Thrombophlebitui.  31 

cttsestioD  in,  195                     ^^M 

Tubular  adenomR,  316                ^^M 

mrcoroa,  349                           ^^M 

^L              embolic,  86 

TiiHiors.  207 

lieiiyiicratiim  of,  ^224,  22S 
aiiiKwilionn!  Knwlh,  217" 
ii.ri-ilic.ubn  of.  101,222 
(•».<eHti<>n  of,  222 
I'enlnil  grmtth,  217 
clWHuiItnn  of,  208 
colU)kt  d^enenition  i>f,  224 
iiinnective-tiBsiK,  227 
ciirnituation  of,  223 
efloct  on  neighlNiriiif!  tiasue,  217 
eipHDHive  j^^wth,  217 
fatty  degenecstiim  nf.  218 
tihn>«|iilltelial,  22ft.  im 
fruin   pnilifentioD  uf  eiiilUeliHl 

celln,  20K 
Ijll^coseD  in,  'J2(i 
Knuiulntion,  164 
growth  of,  213 
Kumtnr,  201 
beterolugous,  211 
hJBtoid,  208 
honmlognUB,  211 
liydine  d^enernlion  of,  DO,  !24 
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S^r.VnEfiS-   MEDICAL    HAXD-ATLASES 

saunders' 
Medical  Hand-Atlases 

WN  planning  ihis  series  of  books  arrangemenis  were  made  witi 

representalive  publishers  in  the  chief  medical  cenlers  0 
world  for  the  publication  of  Itanslations  of  the  atlases  in  t 
teen  ditferent   languages,  the  lithographic   platL-s  for  all  1 
made  in  Germany,  where  work  of  this  kind  has  been  brought  I 

1     the  greatest  perfection.     The  enormous  c 

Moderate  ^jense  of  making  the  plates  being  shared  ti 

Price  ^'^^  various  publishers,  the  cost  lo  each  one" 

1     was    reduced  approximately  to  onc-lcn(b. 

Thus,  by  reason  of  their  universal  translation  and  reproduction, 
affording  iniernational  distribuliou,    inc    piiblishere    ha\e    been 
enabled  to  secure  for  these  aliases  thf  best  arlistk  and  profes- 
sional talent,  to  produce  them  in   the  most  elegant  style,  and 
yet  to  oflVr  them  ai  a  price  lieretofore  unapproached  in  cheapness. 
One  of  the  most  valuable  features  of  these 
atlases  is  that  they  offer  a  ready  and  satis- 
factory substitute  for  clinical  observatloiLi-j 
Such  observation,  of  course,  isnvailablc  0 
to  the  residents  in  large  medical  ceotei 
and  even  then  the  requisite  variety  is  seen  only  after  long  yo 
of  rouilne'hospital  work.      To  those  unable  10  attend  import 
clinics  these  books  will  be  absolutely  indispensable,  as  preseniii 
in  a  complete  and  convenient  form  the  most  ai^curale  repro 
lions   of  clinical  work,   interpreted  by  the  most  competent  I 

1    clinical  teachers. 

Adopted  by         As  an  indication  of  the  great  practical  y 
U.  S.  Army         ^^  ''■^  atlases  and  of  the  immense  favor  « 

1     Hhirli  thev  ha^e  been  received,  it  should  tj 

noted  thai  the  Medical  Department  of  the  U.  S.  Army  hasadi 
the  ■  'Alias  of  0|>eralive  Surgery-  "  as  its  standard,  and  has  a 
the  book  in  large  quantities  for  distribution  to  (he  various  t 


Substitute 
for  Clinical 
Observation 


ments  and  a 


V  posts. 


.irx/JEJiS-    MEruCAI.    ll.U 


Sobotta  and  Huber's 
Human  Histology 


Atlas  and  Epitome  of  Human  Histology.  By  Pkivai 
DOCENT  Dr.  J.  Sobotta,  of  Wiirzburg,  Edited,  with  additioiWj' 
by  G.  Carl  Huber,  M.  D.,  Professor  of  Histology  and  Fm- 
bryology,  and  Director  of  the  Histological  l^aboraiory.  Uni- 
"versity  of  Michigan,  Ann  Arbor.  With  314  colored  figures  OIL 
80  plates,  68  text-cuU.  and  24S  [agts  of  l«t,     I'loth,  (14.50 

INCLUDING  MICROSCOPIC  ANATOMY 

'his  work  combines  an  abundance  of  wellchoien  and  most  ace 
fllualraliuns  with  a  concise  text,  and  in  such  a  nuinner  as  lu  make  it 
alias  and  icxl-book.  The  great  majority  of  the  illu&lisliDnSi  were  made 
sections  prepared  fmrn  human  tissues,  and  always  ftom  fresh  and  in  1 
respect  nonnal  specimens.  The  colored  lithographic  plates  have  been  p  _ 
duced  with  ihe  aid  of  over  thirty  colnrs,  and  particular  care  was  taken  1 
'  1  dislortioD  and  assure  exHCIness  of  uiagnificnliDn.     The  text  is  b>  faliM 

issible  ;  clearness,  however,  not  being  sachliccd  to  brevity.  The  edtttl 
of  the  English  Imnslation  has  annotated  and  altered  very  freely  certain  \~ 
tions  of  the  »eclians  on  Ihe  adrnoid  tissues,  blood  and  Ihe  biood.fnrn' 
organs,  muscular  tissues,  special  sense  oi^ns,  and  peripheral  nerve  di! 
butions,  in  order  to  make  these  piir1»  of  ihe  work  conform  to  (be  laC 
■     nces  in  (he  study  of  these  tissues. 


OPINIONS  OF  THE  MEDICAL  PRESS 


Boston  Medical  anil  Surgical  Journal 
BuUetiii  Johoi  Hopldnt  HoiiAftl 


for  accuracy,  pictori&l  beauty,  compMeneii,  cheapneu 


.\rEl)tiAL    //AXn-.-l  TLASES 


Gninwald  and  Newcomb's 
Mouth,  Pharynx,  Nose 


I 


Atlas  and   Epitome  of  Diseases  of  the  Mouth,  Phai 
ynx,  and  Nose.     By  Dk.  L.  GrItjwald,  of  Munich. 
thr  Sf^-oiiii  Rfvised  and  Enlarged  German  Edition.      Ektiie^ 

ill  additions,  by  James  E,  Newcomb,  M.  D.,  Instructor  i 
Laryngology,   Cornell    I'niversity    Medical    School ;     Attendi 
Laryngologisl  to  the  Rooseveh  Hospiial.  Out-patient   l>epi 
mcnt.     With  102  illustrations  on  42  colored  lithographic  platij 
41  text-cuts,  and  219  pages  of  text.     Cloth,  f.j.oo  net. 

INCLUDING  ANATOMY  AND  PHYSIOUaCY 

In  designing  this  itlas  the  needs  of  boih  stutlcnt  and  pniciitioner  1 
kept  constantl}'  in  mind,  and  as  Tar  as  possible  typical  case;  of  ihe  vsdM 
diseases  were  Klecled.     The  iIlu9lra(ions  are  dcKHbed  in  the  lex!  in  e 
the  same  way  as  a  praclised  examiner  would  demonslrate  the  ubjecUvc 
iiigs  lo  his  class,  the  book  thus  serving  as  a  substilule  for  actual  clini 
work.     The   illuslratians   Ihemselves   are   nutneruut  and   exceedingly  « 
eieculcd.  ponraying  ihe  conditions  so  siriltingly  thai  their  study  is  aim 
Munl  to  examination  of  the  actual  specimrns.     The  ediKir  lin^  Incorp 
v.d  »_,..  ...in'.K]-  »,rruriAn^«  j,.^i.i>-i.n^  nolcs  OH  the  use  of  the  active 


OPINIONS  OF  THE  MEDICAL  PRESS 


I  Journal  of  Ophthalmolotfy.  Ototo£r>  ""1  Larynfology 


Cx^  volume  contain  from  50  to  100  colored  plktei 


MEDICAL   HAND-ATLASES 


I 


Helferich  and  Bloodgood's 
Fractures  and  Dislocations 


Atlas  and  Epitome  of  Traumatic  Fractures  and  Dli 
locations.  By  l'k<iKEssi.K  Dk.  H.  Helferich,  Professor  ( 
Surgery  at  the  Roya!  Univereity,  Greifswalri,  Prussia.  Editei| 
with  additions,  by  Joseph  C.  Biajodgood,  M,  D.,  Associate  j 
Surgery,  Johns  Hopkins  University,  Baltimore.  From  the  Fifl^ 
Revised  and  Enlarged  German  Edition.  With  ii6  coloi 
illustrations  on  64  lithographic  plates,  190  Icxtcuis,  and  3d 
pajjes  of  text.     Cloth,  S3.00  net. 

SHOWING  DErORMITY.  X-RAY  SHADOW.  AND  TREATItfEir 

T^is  rlepartment  of  medicine  being  one  in  which,  fnini  lock  of  praclicnl 
knowledge,  much  hnnn  can  be  done,  and  in  which  in  recent  ycnis  great 
impiirtance  hns  oblaineil,  o  book,  accurately  portriiyiiig  the  iinaloiiiic  rela- 
lion&  of  Ihe  fraulured  pnrts,  logelhet  with  the  ifingnotis  and  treatment  of  the 
condition,  becomes  an  absolute  necessity.  This  preseni  work  fully  meets 
all  requirements.     Aa  complete  ■  »iew  lu  pussiliie  of  each  esse  has  been 

ETesenled,  thus  equipping  the  plwucian  for  [he  manifold  sppearances  llial 
e  will  meet  with  in  practice.     Tlie  illustrations  show  the  visible  exlemil 

deformity,  Ihe  X  ray  >had<'W.  (he  anatdmic  pro  pa  rati  on,  ami  the   mcthud  dd 
treatment. 


OPINIONS  OP  THE  MEDICAL  PRESS 


Medical  N«wi.  Now  York 


Brooklyn  ModicBl  Joumat 


Ther  ai*  Sntiifactory  SubititutM  for  Clinical  Obietvatlan 


SAlWDEffS'   MEDrC^L   HAKD-ATLASES 

Sultan  and  Coley's 
Abdominal  Hernias 


Atlas  and  Epitome  of  Abdominal  Hernias.     By  I'KiViti 
k  DocENT  Dr.  Georc  Scltan,  of  Giittingen.     Edited,  with  a 
r  tions.  by  William  B.  Colev,  M.  D.,  Clinical  Lecturer  on  I 
'   gery,  Columbia  University  (College  of  Physicians  and  SuigeoDS^ 

New  York.     With  119  illustrations,  36  of  ihem  in  colors,  and 

277  pages  of  text.     Cloth,  ^300  net. 

DEALING  WITH  THE  SURGICAL  ASPECT 

rhia  new  alias  covers  one  lA  tlie   must  importanl  t>uLijei:li  in   1I 
[  domain  of  medical  teaching,  since  these  bcimas  aic  not  unly  exc 
I  common,  bul  ibe  frequent  occurrence  at  slmngulaboD  demands  e 
L  iiarity  quick  and  energetic  su^cal  intervenlian.      During  the  1ax|  <1( 
r  operative  side  of  this  subject  hss  been  steadily  growing  in  importance  M 
El  now  it  i«  absolute]]'  essential  to  have  a  book  liealing  of  its  lurKical  >qii_ 
I  This  present  atlas  does  this  to  an  adminible  degree.     The  itlustrattoitsfl 
f  not  only  very  numerous,  but  they  excel,  in  the  acoiracy  of  ihe  porttan* 
t  the  condttiaiu  represented,  those  of  any  other  work  npon  abdomiaal  hei 
[   With  which  we  are  familiar.     The  work  will  be  found  a  Worthy  upc 

ur  present  knowledge  of  the  subject  of  which  it  trcnu. 


PERSONAL  AND  PRESS  OPINIONS 


Robert  H.  M.  Dawbarn.  M.  D.. 

J^i^raur  ^  Sargrry  amJ  Sf'ticaJ  Allat.mty,  lilnv  V^i  Pa/fcHnic. 
"I  hive  spini  Kvrni]  ImcrcHcd  hmi«  ov«  it  ■".di,,  and  tbal!  w1IUii|)t  re 
10  my  cluKi  ml  tlH  polyclinic  College  >nd  »l«what." 

r-  Borion  Medicftl  uid  Siotf  c»l  Joumol 

They  have  Bhckdv  «.vV«*Tcd  «>  tWrtoen  different  lanfua^ 


SAUXDEXS'    MEDICAL   IL-IXD-AJJ..ISES  ffl 

Brtihl,  Politzer,  and 
MacCuen  Smith's  Otology 


Atlas  and  Epitome  of  Otology.     Hy  Gc^tavBruhl,  M.  D., 

of  Berlin,  with  ihe  collaboration  of  Professor  Db.  A.  Politzer, 
of  Vienna.  Edited,  with  additions,  by  S.  MacCuen  Smith, 
M.  D.,  Clinical  Professor  of  Otology,  Jefferson  Medical  Col- 
lege, Philadelphia.  With  244  colored  figures  on  39  lithographic 
plates,  99  text-illustrations,  and  293  pages  of  text.     Cloth,  $3.00 


INCLUDING  ANATOMY  AND  PHYSIOLOGY 

This  excellent  volume  is  the  first  sllempl  (o  supply  in  English  a 
tiated  ctinical  handbook  to  act  us  a  wunliy  substilule  fur  personal  insi 
in  a  gjiecialiied  clinic.  Tbis  worl;  is  both  didactic  and  clinical  in  its  teach- 
ing, the  Istler  aspect  being  especially  adapted  lo  the  sludenl's  wants.  A 
special  feature  is  the  very  complete  exposition  of  the  minute  anatomy  of  the 
ear,  a  working  knowledge  or  which  is  »  e&scniial  to  an  inlelligcni  concep- 
tion of  the  science  of  ntuli^y.  The  illustrations  are  beauliColly  executed  in 
colors,  and  illutninale  the  leit  in  a  singularly  lucid  manner,  portraying  patho- 
logic changes  with  such  striking  eiaclness  that  the  student  should  receive  a 
deeper  and  more  lasting  impression  than  the  most  elaboiale  dewriplioa 
couid  produce.  Further,  Ihe  association  of  Professor  I'olitzer  in  the  prepa- 
ration of  the  work,  and  [he  use  of  w  many  valuable  specimens  from  his 
notably  rich  collection  especially  enhance  the  value  of  the  work.  The  tut 
contains  everything  of  importance  in  Ihe  elementary  study  of  otology. 


PERSONAL  AND  PRESS  OPINIONS 


ClBTcnce  J.  Blaka,  M.  D., 

Pro/mar  a/  OltlB0,  H^trard  Unhtrtltj  Mrdhil  SeiitJ,  Bailf 

Boiton  Medical  and  Sut^oJ  Jounw] 


"vtH 


Lehmann,  Neumann,  and 
Weaver's  Bacteriology 

^ Atlas  and  Epitome  of  Bacteriology:  i.vclitdinc  ii 
OK  (iK  Speual   Baciehlolooic  DiAGKOsis.     By   Prof, 
U.  Lehmann  and  Dr,  R-  0,  Neumann,  of  Wuniburg,     I 
Sfironi/  Revised  and  Enlarged  German  Edithn.     Edlte 
i       wiih  additions,  by  G.  H.  Weaver,  Nf.  D.,  Assistant    Proresa 
of  Pathology  and  Bacteriology,  Rush  Medical  Coilege,  ChicagI 
III  two  parts.     Part  I. — 632  colored  figures  on  69  lilhograpU 
plates.      Pan   II, — 511    fiages  of  text,  illustrated.      I 
Cloth,  ;f;2.50  net. 

INCLUDING  SPECIAL  BACTCMOLOGIC  DIAGNOSIS 

This  work  fumiabes  a  surrey  of  the  properties  of  bacierii,  togcihcf  ti 
ihe  causes  of  disease,  dispoEJtion,  and  imtnuiiily,  reference  being  consUf 
nude  to  an  appendix  □(  bacieriologic  lechnic.  The  special  paii  |;ives  a 
complete  descnptioo  of  the  important  varieties,  the  less  important  ones  befnf 
mentioned  when  worthy  of  notice.  The  tithograpliic  plates,  u  in  alt  lliis 
seriei,  are  accurate  representations  of  Ihe  conditions  as  acEually  seen,  mid 
this  collecliDD,  if  anylhing,  is  more  handsome  than  any  of  its  predecesion. 

I  As  an  aid  m  original  invettigation  the  work  is  invaluable.  ^^^H 

OPINIONS  or  THE  MEDICAL  PRESS  ^^^^^| 

Am«ric«ii  JourruJ  ol  the  Medic*!  Sciencei  ^^^^^^^| 


vTIm  Lancet,  London 


a  niMfy  be  otvifA  In 


Zuckerkandl  and  DaCosta's 
Operative  Surgery 

Second  Edition,  Revised  and  Greatly  Enlarged  ■ 


I 


Atlas  and  Epitome  ol  Operative  Surgery.     By  Dr.  O. 

ZucKF.RKANin.,  of  VitTina.  Edited,  wiih  additions,  by  J.  Chal- 
mers IJaCosta.  M.  I).,  I'rofessor  of  the  Fri n(.ijjles  of  Surgery 
and  Clinical  Surgery.  Jefferson  Medical  College,  Philadelphia. 
With  40  colored  plates,  278  lext-cuts,  and  410  pages  of  text. 
Cloth,  $3.50  net.  ^ 

ADOPTED  BY  THE  U.  S.  ARMY  ^M 

In  this  new  edition  ihe  work  has  been  broughi  precisely  down  to  dale. 
The  revision  has  not  been  casual,  but  thorough  and  eichaustivc,  the  entire 
ten  having  been  subjected  lo  a  careful  wrulinr,  and  nmny  improvetnents  a.ad 
additions  made.  A  nmuber  of  chaplen  have  been  practically  lewrillen,  ind 
of  the  newer  operaiions,  all  ihow;  of  special  value  have  been  dcsctibeH.  The 
number  of  illu.ttrations  has  atsu  been  mslcrially  increased.  Sixteen  valuable 
lithogiBpbic  pUtet  in  colors  and  liily'one  lexl-fi^res  have  been  added,  thus 
greatly  cnhmciiig  the  value  of  the  work.  There  is  no  doubt  that  the  volume 
in  its  new  edition  will  still  maintain  its  leading  position  as  a  substitute  for 


OPINIONS  OF  THE  MEDICAL  PRESS 

Philadelphia  Medical  Journal 

"  The  nnnio  o(  Ziir.hcrUnill  anA  DnCciKH.  ibc  Tbei  thni  the  IxHik  ha 

Munchener  Medkiiiiiche  Wochemchrift 


J 


XDEfiS'    MEDICAL   HAXDATLASES 


Dtirck  and  Hektoen's 
Special  Patholo££ic  Histolo; 


Atlas  and    Epitome  of   Special   Pathotogic  Histoid 

I  By    Dr,    H.    DIJRCK,   of  Munith.     Edited,  with   additions, 
f  Luuvic    Hektoen,  M.  D.,  Professor  of  Pathology.  Rush 
leal   College,  Chiiago.     In   Two   Parts.      Part   I. — Circulaii 
I  Respiratory,  and  Gastro-intestina)   Tracts,      lio  tolored  figui 
Ion  62  plates,  and  158  pages  of  text.      Part  II. — Liver,  Urinary 
land  Sexual  Organs,  Nenoiis  Systeni,  Skin,  Muscles,  and  Bone^ 

colored  figures  on  60  plates,  and    192  pages  of  test. 
I  part  :   Cloth,  S3-00  net. 

A  RARE  COLLECTION  Or  BEAUTirUL  PLATES 

Tlie  colored  lithographs  of  this  volume  are  beaulifiilly  reproduce 
re  exltemcly  accurate  rcpresentalions  of  the  microscopic  changes  prodfll 
by  disease.  The  greal  value  of  these  plates  is  tlint  ihey  repreiciil  iaS 
exact  colors  the  effect  of  the  stains,  which  is  of  such  great  importaneoT 
the  differeMiation  of  tissue.  The  tent  portion  pf  the  book  is  admitablc  i 
while  brief,  it  i.«  entirely  talisfaclory  in  that  the  leading  facti  are  staled,  ■ 
so  staled  that  the  reader  feels  he  has  grasped  the  snbjcct  eileiuivetjr. 
work  is  modem  and  srietittfic,  and  atlogethei  foims  a  concise  and  Syth" 
[   view  of  pathologic  knowledge. 


PERSONAL   OPINIONS 


,   WlUun  H.  Welch.  M.  D.. 

Prs/is'tr  if  PM»,-/,tf.  -/»*'"  //«/*'■"■  VniMrsih.  Baltimori. 
"  Icnnsidu  DUrck't '  Altai  ufSpcTlal  Pmiholugic  H[>tol(«y,'  edited  by  H(kl«*o,  ■ 
leful  book  (or  •ludinii  und  uihrn.    The  plalu  an  adminbli." 

rnnk  B.  Mkllory.  M.  D.. 

AiihUnI  P^f/inet  if  Falkiligy,  Harvard  Voirt'iHf  MiAkmt  Sckatl,  S 

"The  infannalion  ii  prejenled  in  a  very  compaci  fottn;  ll  li  urefully  llHllllllfjlM 
clearly  itiied,  and  almoit  alwayt  rcpieienii  uur  laleH  tinovledge  oT  the  Hll4Mt.4 


5^i".\'/>£A'.i'    MEDICAL    HAXD-ATLASES 


Haab  and  deSchweinitz's  ^ 
Ophthalmoscopy  H 

Atlas  and  Epitome  of  Ophthalmoscopy  and  OphtfaaN 
moscopic  Diagnosis.  JU  Hk.  O.  Ha.vb,  of  Ziirich.  From  Ih^ 
Third  Rivised  and  pAilarged  German  EdUhn.  Edited,  with 
additions,  by  G.  E.  deSlhweinitz.  M,  D.,  Professor  of  Oph- 
thalmology, University  of  Pennsylvania.  With  152  colored 
lithographic  illustrations;  85  pages  of  text.     Cloth,  ^3.00  net, 

Ndt  only  is  the  student  made  acquainted  with  carefully  prepared  opli- 
ihalnvHcopic  drawings  done  inlo  well-execuled  lilliograulis  of  ibe  must 
importanl  Tundus  changes,  but,  in  many  instances,  plates  of  the  inicniiccpic 
lesiuns  are  added.     It  furnishes  a  nutiual  of  (he  greatest  possible  service. 

The  Lancet,  London 


Haab  and  deSchweinitz's 
External  Diseases  of  Eye 

Atlas  and  Epitome  of  External  Diseases  of  the  Eye. 

By  Dr.  O.  Haab,  of  Ziirich.  Edited,  with  additions,  by  G.  E. 
deSchweinitz,  M.  D.,  Professor  of  Ophlhalmology,  University 
of  Pennsylvania.  88  colored  illitstrations  on  48  lithographic 
plates  and  733  pages  of  text.     Cloth,  jf^.oa  nci. 

SECOND  REVISED  EDITION-JUST  ISSUED. 

In  this  lliorough  revision  the  Irit  has  been  brought  up  to  date  hv  the  addi- 
tion of  new  mailer,  including  references  to  some  of  ihe  modem  iherapeulic 
Agents.      There  have  also  been  added  eight  chromolilhographic  |ii«le5, 

Tlie  Medical  Record.  New  York 
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Schaffer  anb  Edgar's 
Labor  anS  Operative  Obstetrics 
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Atlas  and  Epitome  of  Labor  and  Operative  ObstetrM 

By  Dk.  O.  SfHAfFEK.  of  Heidelberg.  Fr,'m  tht  Fifth  Rn-U 
ami  Enlargfil  German  Edition.  Edited,  with  additions,  \ 
J.  Clifton  Edgar,  M.  D.,  Professor  of  Obsteiras  and  Clini 
Midwifery,  Cornel!  University  Medical  School.  14  lilbogtapj 
plates  ill  colors ;   139  other  cuts  ;    1 1 1  pages  of  text.     £3. 

The  book  presenls  the  act  of  parturition  mid  llle  various  obsletric  o 
1;  in  a  scries  of  easily  understood  illusImCiooB.     ThpM  1 
by  H  lext  that  IresU  the  Hibject  from  a  practical  standpoint. 

Dublin  Jotmal  of  Mediol  Sdancc,  Dublin 


Schaffer  €a  Edgar's  Obstetric 
Dia^fnosis  and  Treatment 

Atlas  and  Epitome  of  Obstetric  Diagnosis  and  Trc 
ment.     By  Dr.  0.  Schaffer,  of  Heidelberg.     From  the  i 
end  Rei-iied  German  Edition.      Edited,  with  additions,   byfl 
CuproN   EiiGAR,  M.  D,,  Professor  of  OI)Stetrics  and  Cii 
Midwiferj-,  Cornell  University  Medical  School.     i2»  colored  \ 
tires  on  56  plates;  38  other  cnts  ;  315  jiages  of  text,     (3.00D 

Tl'is  book  treats  particiilnrly  of  obstetric  oprraiions.  and,  1 
wcnith  or  bcnutiful  liihogtnphic  illustrations,  contains  *n  extoinve  lExtf 
great  value.     This  lext  deals  «illi  the  practical,  clinicnl  sidr  of  Ibe  nib^ 

New  rork  Medical  Joimiai 
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Mracek   and  Stelwagon's 

Skin  J 


Atlas  and  Epitome  of  Diseases  of  the  Skin.     By  Prop. 

Dk.    Franz   Mracek,  of  Vienna.      Edited,  with  additions,   by 
Henrv  \V.  Stelwawjn,    M.   D.,   Clinical    Professor  of  Derma- 
tology, Jefferson  Medical  College,  Phiiadelphia.    With  6j  coloi 
jjates,  39  half-tone  illustrations,  and  aoo  pages  of  text. 
13,50  net. 

This  volume,  llie  outcome  of  years  uf  urienlific  and  ftitiitic  work,  coii^ 
iBJns.  kigciher  with  colored  plaics  of  unusual  beauty,  numerous  illuatrftlions 
in  blnck,  and  a  text  compreheuding  the  culire  field  of  dennelology.  The 
illusliBtions  are  all  origiiuil  aod  prepa.r«t  fmrn  actual  cims  ia  Mncek'i  clinic. 

American  Journal  of  the  Medic&l  Scdencet 
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Mracek  and  Bang's 
Syphilis  and  Venereal  Diseases 

Atla5  arid  Epitome  of  Syphilis  and  the  Venereal  Dis- 
eases. By  I'HOV.  Dr.  Fii,v.\z  Mralhk,  of  Vienna.  Indited,  with 
additions,  by  L,  Bolton  Banks,  M.  D.,  late  Prof  of  (lenito- 
Uriiiary  Surgery,  University  and  Bellevue  Hospital  Medical 
College,  New  York.  With  71  colored  plates  and  123  pages 
of  text.     Cloth,  $z-5°  net. 


According  to  the  unanimous  opinion  of  numerous  aulhorilies,  to  whom 
Ihc  original  i  I  lustrations  of  this  book  were  presented,  they  surpass  in  beauly 
anything  of  the  kind  that  has  been  produced  in  this  fielt),  not  only  in  G<». 
many,  but  throughout  the  litEralute  of  the  wotid. 
Robert  L.  DkUiuon,  M.  D.. 
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S^CVDEKS-   MEDICAL   IIAXDATLASES 

Schaffer  and  Webster's 
Operative  Gynecology 

Atlas  and    Epitome  of  Operative  Gynecology.     By  I 

,   St-HAFtEK.    of   Heidelbctg.     lidilcii.   with    a.lciitions,  hy  3 

Clare*)CE  VVf.usiiiR.  M,  D,  (EurN.),  F.  R.  C  F.  E.,  )>Tofessor  ( 

Obstetrics  and  Gynci^ology  in  llie  Rush  Mediral  College,  in  affi 

■ittion  with  ihe    Univeniity  of  (.'hicago.      With    4?   l;thot;r.i[rf 

:olors,  many  text-cuts,  a  numlier  in  colors,  and    19 

lagcs  of  text.     Cloth,  $3.00  net. 

JUST  ISSUED 
Excellence  of  t!ie  liihograp'''"^  iiIbIes  ami  the  many  oiber  ilhutralil 
s  IhU  alias  reti'ln  11  of  ihe  greaiest  value  in  oUaiiiini;  a  »>unil  uiii  p>*cdE 
nowledge  nf  operalive  trynecoloizy.  Indeed,  (he  Brtisl.  Ihe  »uth<i,  bikI  1 
thogr:<pli(!T  iiuTT  eipeiKleil  much  pnllent  eoclenviir  in  (be  preparation  of  ■ 
■r-coloR  nnil  itnwioR*.  Th*y  are  Inueit  im  liundre'ls  of  phoio| 
n  from  nature,  and  uiey  reiifuduce  foiil'rullv  and  muructively  the 
IS.     Tlie  (eit  closely  rollows  ihe  illiutnLiiuns.  ami  Is  fully  as  a< 

Shaffer  and   Norris' 
Gynecology 

P      Atlas  and  Epitome  of  Gynecology.     By  Dk.  O.  ShaftbI 
of  Heidelberg.     Ftwii  the  Seeon.i  Rfviifd  and  Rnlat-gfi  G^rt 
Eiiithn.    Edited,  with  additions,  by  Richard  C.  Norris,  A.  I 
M.U.,  Gynecologist  to  Methodist -Episcopal   and    Philadelpli 
Hospitals.     With  207  colored  figures  on  90  plates,  65  text-c 
and  308  pages  of  text.     Cloth,  S3. 50  net. 

The  value  of  this  alias  will  be  found  nol  only  in  the  nincise 

_tfti(.  hul  e.tpecmJIy  in  the  llluslnitKiiis.     The  large  nutnWt  of  colored  p 
roniducini"  the  appeamnce  of  fresh  specimens,  will  give  the  MDiIeiit  a 
Jfee  of  the  change*  induced  by  disease  tEini  cnnnot  b«  oblained  fiw 

n  ot  John*  Hoptdni  Bm^IbI.  Bkllimore 

>•  blink  .ro»l»ini    RitKh  v>lu4!>k  m..l«iMl       R.nr,-lyl»vc  wc  irtii  nicba 
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Jakob  and  Eshner's 
Internal  Medicine  £>  Diagnosis 

Atlas  and  Epitome  of  Internal  Medicine  and  Clinical 
Diagnosis.  I(y  Dn.  Chr.  Jakhi3,  of  tlrlangen.  I'Miled,  with 
additions,  by  Augustus  A.  Eshnek,  M.  D.,  Professor  of  Clin- 
ical Medicine  in  the  Philadelphia  Polyclinic.  With  i8i  colored 
figures  on  68  plates,  64  illustrations  in  black  and  white,  and 
359  pages  of  text.     Cloth,  S3. 00  net. 

In  addilion  to  an  adnuRible  atlns  of  clinical  microscopy,  this  volume 
describes  ihe  phyaical  signs  of  all  intemol  diseases  iu  an  insiniclive  manner 
bv  means  of  fiStj  colored  tchemalic  diagrams.  As  a  means  of  inslruclioa. 
its  value  is  very  great ;  as  a,  reference  handbook  it  is  admirable.  _■ 

Btitiih  Medical  Jounial  -fl 


Grtinwald  and  Grayson's 
Diseases  of  the  Larynx     M 

Atlas  and  Epitome  of  Diseases  of  the  Larynx.     By  Dr. 

L.  GRiiNWAUj,  of  Munich.  Edited,  with  additions,  by  Chakles 
P.  Gravson,  M.  1).,  Physician -in-Charpe,  Throat  and  Nose 
Dejartnient,  Hospital  of  the  University  of  Pennsylvania.  ^Vith 
107  colored  figures  on  44  plates,  25  text -illustrations,  and  103 
pages  of  text.     Cloth,  51.50  net. 

This  atlas  eiemplilics  a  happy  blending  «f  the  didaclic  and  clinical,  such 
US  is  not  lo  be  found  in  any  otber  volume  upon  this  subjecL  Tlie  nulhur 
has  given  special  attenlion  lo  the  clinical  punion  of  Ihe  work,  the  s 
on  diagnosis  and  treatmenl  being  particularly  full. 


SjrXIILA-y    MliDICAL    JlA.Vn-.IT! .ISi.S 

Hofmann  and  Peterson's 
Legal  Medicine 

Atlas  of  Legal  Medicine,     IJy   Uu.    ]}..  von  i^o^■MA^-^ 
JVienna.     Edited  by  Fhkuekick  Pkikkson,  M.  D,,  Professor  6 
■  Psychiatry,  College  of  Physiciansand  Surgeons,  N.  Y.    iiocoloi 
Kiigiircs  on  56  plates,  193  half-tone  illusi rations.    Cloth,  jj. 50 net 

•  PractlfiaiMr,  London 

t.  il.jj°d*^nmtnl*<.tS^ciBe.  sncTih.)-  [■dddI  bil  ii.  be  u»M  »'ukc  lo 


Jakob  and  Fisher's 
Nervous  System  and  its  Diseases 

Atlas   and    Epitome   of  the   Nervous  Systein  and  its 
Diseases.     Hy  Pkhk.  Di;.  (.'hr-  Jakhii,  of  ErLingen.     Fr.>m  fif_ 

•coiui  Revised  German   EiUtu'ti.      Kdilcd,  wilh    additions. 
Edward  D.  Fisheh,  M  D..  Professor  of  Difeeases  of  ihe  Nen- 
System,  University  and  Belleviie  Hospital  Medical  College,  N, 
83  plates  and  copious  text.     Clolh,  ^3.50  net, 
niDadelphia  MetUcsl  joumfti 

coniplkalcrfi'ld -^"."hc  llarnMi  ihd  Kiermficfidelily  nf  Ihis  h»od*lI.    - 
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Golebiewski  and  Bailey's 
Accident  Diseases 

Atlas  and  Epitome  of  Diseases  Caused  by  Accident 

By  Dr.  Eu.  Gi.i[.KiiihwsKi,  of  Ikrlin.  Ediled.  with  additions, 
by  Pearcf.  Baii-kv,  M,  n,.  Consulting  Neurologist  to  St.  Luke's 
Hospital  and  Orthopedic  Hospital.  N.  V.  71  colored  illti»trations 
on  40  plates,  143  lext-cuts,  549  pages  of  text.    Clolh,  J4.00  neL,_ 
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SAUNDERS'  MEDICAL  HAND-ATLASES  ' 


Atlas    and    Epitome    of    External    Diseases   of    

Eye.  By  Ur,  O,  Haab,  of  Zunch.  Edited,  with  ■ddilioiu.  by  G.  E.  DB 
ScHWEtM'n,  M.D.,  Profeuoror  Uplillulmologjr  in  ihe  Unircnily  of  Pcnn- 
lylvinia.  UnonJ  Rtvittd  Edition.  With  g!(  colored  illiinntions  on  48 
plates  and  Jji  pigci  of  teit.  Qoth,  %%.<»  net 

''  1  b<  •Rk  ii  —«  dDKt.  lud  li  Hluiblr  ID  p)>riiclaut  in  t>D«>l.  u  veil  u  id  offcihal- 

'^^i.tT  i/*Ofluttlm„Ua.  llm'^r.uT^  Btflmit  fit^fila/'jU^ualsiiu^.ti^* 

Atlas  and  Epitome  of  Internal  Medicine  and  Clinical 
Diagnosis.  Uy  »>'  I^Hk.  Jakob,  of  Etlangeo.  Edited,  with  addl- 
tionsn>T  Ai;ausTiJS  A.  ESHSKK.  M.D.,  PrornMiraf  Clinical  Medicine  in 
the  PliiUdelphia  rnlyclmjc.  With  179  colored  ligurei  un  6S  plates  and 
159  page*  of  l«it.  Clotb,  f  3.00  net. 

"  Dl,  Jakob'!  walk  docKTCi  Ilalbba  tul  pniai.  Tlu  ntiinaiiUDii  li  accume  and  up  in 
prciinl-day  requirfm.nii."— ff/itSI  UiJScalJ""^- 

l.  E.  voM  IIoFMAKN,  of  Vieon*. 
.    PKTtHSON,   M.D.,  Prolessor  of 
PsychiBiiy,  Collegia  of  PhifsicUiu  and  Surjjeons,  New  York.     With  120 

coloird  figuccs  on  56  platel  and  193  halftone  illuM rations. 

Clotli,  tj  50  nel, 

«n*^w"^^yU^™/    '    "*'  "    "^"""^"^    wnprwDi.  -    «/« 

Atlas  and  Epitome  of  Diseases  of  the  Larynx.    By  Dr. 
L.  GutiNWALD,  of  MoDtch.     Edited,   with  ■dditioni,  by  Ciiakus   P. 
Gravson,   M.D.,    Physicinn-in-Charge,  Throat  and   Nose  DepsrtiiMnt, 
Hoapiul  of  Ibe  Uiiivcnity  of  Pcnntylvania.     With  107  colored  l^ret  on 
44  plalei,  ){  leil-illu.'itratii 'nt,  and  103  paj;e>  of  teat,      Clmh.  ti.50: 
"  Ek^I*  vvtfVLbinawahaTahilh«noH<n  in  ih«  way    '        --j  jit -------  -    ..  .-  . 

of  ikc  laryu-"— Jr/fnA  MrJInlJ'.um^. 


i 


man  Edition.    Edited,  with  addiiiom,  by  J.  ClIAl.HiB»  DaQista,  MJ 
Professor  of  the   Principles  of  Siirget)'  and  of  Clinical  Surgei      '  ~ 
Medics!  College,  Philadelphia.   SftsnJ  edlUm.  RnriuU  and  I 
largeil.     With  40  colored  plalFa,  278  lenl-cala,  and  410  pages  of  leil. 

Cloth.  Ij- SO  flH. 
"IIKMTba  Hid  thai  frw.  ITan.koaluaf  ihli  duirlHioB  ar*  m  coapnhtulTa  in  ib^ 

Atlas  and  Epitome  of  Syphilis  and  the  Venereal  Dis- 
eases. By  PKur.  D«.  Fkanx  Mrai^kk,  of  Vienna.  Edited,  with  ad 
dilioDi,  by  L.  Bulton  1!an.^,  M.U  .  Inte  l'n>ressot  ol  Genilo-Uriiiary  !?iir 
gety.  Univcnityand  Bell«<ue  HospHal  kledical  Callegc,  New  Vork.  With 
71  civlored  plates  and  131  pages  of  te«l.  Cloth,  Jj.M  MT" 

Atlas  and  Epitome  of  Skin  Diseases.    By  P«or.  Dn.  Fr, 

Mracek.  ot  Vienna,   Edited,  with  additions.  In'  Hk.<irv  W.  Stm.wa  ~ 
M.D,    Pmfessor   of    Dermatology    in    the    JeftrMin    Medical     Coll 
Philadelphia.     With  63  colored  plalei,  39  half-lone  illnslrsti'inE.  Rn<l 
pare)  of  li^xt.  Goth,  I3  50 

■■  Thw  ilhiiirarioiu  an  Tcry  nil  tiHined.  and  Ihc  cnlorini  ronarkibly  acfimii : 
•m  Krre  u  •nbHttHH  for  clinical  c*HTvmdoB,"-»fr,A<«;  Ki^ord.  Vtw  Y«k. 

Atlas  of  Bacteriology  and  Text-Book  of  Special  Bao- 
terlologic  Diagnosis.  By  Prof.  Dr.  K,  B.  Lfhmawn  and  Dr. 
R.  O.  Nrirn^NN,  of  Wflnburg,  Frtm  llu  Srcmd  ftn-iitJ  and  Entar/irJ 
Gtrman  FdHum.      Kclited,  with  addilions,  byC.  M   Wf^AveR,  M.  P..  A»- 
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